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Chap te r  z  (RG4s-301-Zoo)

HYDROLOGY

7.10  In t roduc t i on

This chapt^er presents. a descript ion of the hydrorogicconsideration 
_- for perrnitting of lh:, crandarl canyon Mineoperations. The information in this chapter was proviala uv iir"staff of the applicant and by various consultant f irms as noted.

9ndel specif ic sections. conllusions drawn herein are based upondetai led f ield reconnaissance and spring/seep surveys of the area,
l inited exploratory dri l l ing and published niyaroroj ic information
on the area.

7.LL Genera l  Requi rements

This chapter presents a descript ion of:

o exist ing hydrologic resources
o proposed operations and the potential irnpacts to the

hydrologic resources
o methods of compriance with design criteria and

performance standards
o hydrologic reclamation plans for the Crand.al l  Canyon Mine

operations

- A11 naPg, plans and cross-sections presented. in this chapter
which deal wit lr  the design of faci l i t ies or the determinatlon of
watershed characterist ics have been cert i f ied. by a professional
engineer.

7 .L2 Cert i f icat ion

7 .L3 Inspection

. frnpoundments included in the runoff control plan will be
inspected as descr ibed in sect ion 5.14 of  th is appr i lat ion.

7 .20 Environmental Description

This section presents a descript ion of the hydrologic
resources within the crandall  canyon lt i i re permit area.

7 . 2 1 General Requirements

This section- presents a descript ion of the hydrologic
resources within the crandall canyon t'tiire perrnit area.
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7 . 2 2 Cross Sections and Maps

Figures 7-L through 7-L4 and plates 7-L through 7-s of this
chapter. depict exist ing surface and groundwater occurrences within
ald adjacent to the crandarl canyon Mine permit area. These
figures also i l lustrate the topogrlphy, strelms, springs, welrs,
water monitoring locations, and btfrer hydrologie design information
pert inent to the CrandaLl Canyon Mine.-

7 . 2 3 Sanpling and Analysis

All  water samples are col lected and analyzed according to
nethods in either the rrstandard Method.s for the Examination of
Wat,er and l laste Waterrr or the 40 CFR parts j .36 and 434.

7 . 2 4 Baseline Information

7.24.L Groundwater Information

This section is a comprehensive view of the ground.water
hydrology for the Crandall Canyon Mine pernit and surrounaing area.

Scope

This section presents d,iscussion of groundwater condit ions
within and adjacent to the perrnit area, which consists of lease
areas sL 062648 and u os4762,  the r ight -of -s /ay,  s tate leases
ML2l-568 and ML2L569 (P1ate 7- ] -2) .  Conclus ions drawn here in are
based upon detaired seep and spring surveys of the area, l imited
exploratory dri l l ing, and the results of ground.water investigations
conducted by others in the region of the mine.

Methodology

Seep and spring surveys v/ere conducted in l-985, 1987, and L989
through 1991, within an area that extended approximately one rni le
north, west, and south of the boundaries of the pernit area. The
study area for the survey was bounded by Huntington Creek on the
east, the east-west ridge between the North Fork of Horse Canyon
and the South Fork of Huntington Creek on the north, BaId Ridge and
Bald Mountain in scad valrey to the west, and Mil1 Fork on the
south.

An aerial reconnaissance of the survey area was init ial ly
conducted to provide an indication of spring locations and site
accessib i l i ty .  The area was then t raversed on foot  to  a l low
springs and seepage points to be precisely located., examined., and
sampled.

. Geologic condit ions at al l  seeps and springs were noted in the
fie1d, including l i thologic and structural controls and the
geologic formatj.on from which the seepage issued.. signs of usage
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were a lso noted.  The f low rate was v isual ly  est imated and ( i f
suff icient water was present) a sample of the water was collected.
The ternperature of the water issuing from the spring was measured
at the site. A11 samples were subsequently analyzea in tfre f ield
for pH and specif ic conductance.

Hydrologic characterist ics of the North Horn, Price River,
Castlegate, and Blackhawk Formations are reviewed in this section.
Locat ions of  seeps and spr ings moni tored dur ing 1995,  Lgg7,  and,
1989 through 1991 are shown on P1ate 7-12.  The geologic  occurrence
and use of seeps and springs is found in Appendix 7-16. Frow rate
and temperature measurements appear in Appendix 7-r7. specif ic
conductivity and pH measurements are found in Appendices 7-l-8 and
7-L9 respectively. Fietd water-quali ty measurements are sunmarized
in Appendix 7-2a. Laboratory analyt ical reports for groundwater
collected from the eight quarterly sampled seep/spring locations
are contained in Append.ix 7-39.

Regional groundwater condit ions were determined from a review
of available l i terature. Where appropriate, concLusions drawn frorn
investigations elsewhere in tha- region were used to determine
approxinate local condi_tions.

Regional croundwater Hydrology

Six format ions outcrop in  the Mine Permi t  Area (Plate 6-1) .
Accord ing to  Doel l ing (L972) ,  the Masuk Shale Mernber  of  the Mancos
Shale (Itn on P1ate 6-1) is a l ight gray to blue-gray narine sandy
shale in the mine vicinity. This unit is exposed at the mouth of
Crandall  Canyon and in adjacent areas along Huntington Creek. The
Masuk Shale Member yields water locally to seeps and springs but
does not serve, as a regionally important aquifer (Danielson et a1.,
1e81_ )  .

The Star Point Sandstone (Ksp) is predominantly a l ight-gray
massive sandstone with minor interbedded layers of shale and
si l ts tone near  i ts  base (Doel l ing,  L972) .  In  the v ic in i ty  o f  the
mine,  the Star  Point  Sandstone is  350 to  450 feet  th ick.  The Star
Point  serves as an impor tant  reg ional  aqui fer  (Danie lson et  d I . ,
1981) ,  y ie ld ing water  to  severa l  minor  and some major  spr ings where
fractured and jointed.

The Blackhawk Formation (Kb) is the principal coal-bearing
uni t  in  the region (Doel l ing,  L972) .  This  format ion consis ts  of
interbedded layers of sand.stone, si l tstone, shale, and coal, and
reaches a ttr ickness of about I-OOO feet in the mine area. The
principal eoal seam (the Hiawatha seam) is present near the base of
the formation. The formation yields water to springs and coal
mines when fractured. Where it  is locally interbedded with the
Star Point Sandstone, the lower port ion of the Blackhawk Formation
i s  cons ide red  an  aqu i fe r  (Dan ie l son  e t  d1 . ,  1981)  .
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The Price River Formation overl ies the Blackhawk Formation and
consis ts  of  the basal  tan to  brown c l i f f - forming Cast legate
Sandstone (Kc) and the slope forming Upper Price niver l teiber
(Kpr) - Fluvial sandstones of the -as€legate are massive and
medium- to coarse-grained. In the area of thl mine, the Castlegate
is approximately 2oo feet thick. The Castlegate yields witer
locally to sqeps and springs but does not serve as Ln important
legional aquifer because it  is commonly drained. within short
distances from its recharge area due to deeply incised canyons
(Dan ie l son  e t  d l . ,  1991 )

The Upper Price River Member (Kpr) consists predominantly of
fr iable calcareous sand.stone interbedded with pebbly conglomerltes
and shales. I t  forms steep receding slopes ana reiches a maximum
th ickness  o f  abou t  600  fee t  i n  t he  m ine  a reas  (Doer l i ng ,  Lg72) .
This forrnation yields water locally to seeps and springs (banielson
et  31. ,  1981) .  However ,  l ike the cast legrate sandstone,  deepry
incised canyons in the area prevent the Upper Price River l,Iember
from being an important regional aquifer.

. The uppermost formation that outcrops within the permit area
is the North Horn Formation (Tkn). this formation consists of
in terbedded l imestones,  sandstones,  and shales (Doer l ing,  L972) .
Due to high topographic presence but l inited aerial extenC near the
mine. area, the North Horn Formation in the vicinity of the
permitted and proposed lease areas serves primari ly as J recharge
unit to underlying formations rather than as an irnportant source of
water  i tse l f .

rnvest igat ions by Danierson et  a I .  (1991)  ind icated that
most, i f  not aII,  groundwater in the region is d,erived from snow
nelt. Recharge tends to be l irnited in areas underlain by the Price
River Formation and older rocks (relative to rechargl in areas
underlain by younger rocks) due to slope steepness aha relative
imperviousness (both of which prornote runoff rather than
inf i l t ra t ion of  snow net t ) .

Detai led potentiometric surface data are not available for the
region surrounding the permit area. However, the deeply incised
canyons interrupt the flow of groundwater in much of the area.
Danielson et al. ( l-981-) suggest that groundwater general ly moves
from high areas of recharge to low arels of drainage, prinl ipal ly
along stream channels. This f low pattern is altered locally where
geologic structure plays a dominant role.

The pred.ominant chemical constituents in most springs in the
reg ion  a re  ca rc ium and  b i ca rbona te  (Dan ie rson  e t -  a I . ,  1981 - ) .
Dissolved solids concentrations generai ly range frorn about 50 to
750 n i l l igrams per  l i ter .  negioni l ly ,  the conCentrat ions of  major
dissolved constituents in water fronr individual geologic units is
highly variable, due to the complex l i thologic niture of the area
(Dan ie l son  e t  d l . ,  L981 ) .
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Mine Plan Area Aquifers

Results of the seep and spring inventories conducted in the
study area were submitted previously to DOGM (EarthFax Engineering,
1985a,  1985b) .  Locat ions of  the seeps and spr ings d iscovered
during the inventories are shown on Plate 7-L2. Data collected
during the inventories are included in Appendices 7-L6 through 7-
20 .

Approximately 60Z of al l  the seeps and springs found during
the early-season surveys had f lows of one gallon per minute or less
(Appendix  7-L7J.  These f lows typ ica l ly  decreased by the t ime of
the late-season surveys, with most of the low-flow sources issuing
only  as seeps or  be ing dry.  The major i ty  o f  seeps and spr ings
issue from bedding planes separating porous sandstgnes or fractured
zones from underlying low-permeabil i ty si l tstone and shale beds.

The occurrence of groundwater at Trai l  Mountain (Lines, 1985)
is very similar to that at Crandall  Canyon. The najor water
bearing unit at both mines is the regional Blackhawk-Star Point
aquifer. The Trai l  Mountain Mine is overlain by perched aquifers
in the Blackhawk, Castlegate, Price River, and North Horn
Formations; these perched aquifers are separated by unsaturated
zones (L ines,  l -985) .  Seep and spr inq survey resul ts  at  Crandal l
Creek also reveal the presence of perched aquifers in the same
formations. As at Trai l  Mountain, this perching occurs where more-
perrneable strata overl ie less- permeable strata (Lines, 1-985;
Append i x  7 - ! 6 ) .

The distr ibution of seeps and springs among the formations
present at both the Trai l  Mountain (Lines, 1985) and Crandall
canyon (Appendix 7-L6 ) mines is very similar. At both mine areas
the largest percentage of seeps and springs are found in the North
Horn and Price River Formatj-ons. Similarly, in both mine areas the
smallest percentage of seeps and springs are found in the
Castlegate Formation.

The low flow rates from most of the seeps and springs emitting
from the Blacktrawk Formation (Appendices 7-L6 and 7-17) result from
the 1ow hydraulic conductivity of the forrnat.ion where it remains
unfractured. Laboratory permeability data from a eore sample taken
in TLTS-R6E-Sec27 at Trai l  Mountain indicate an average horizontal
hyd.raulic conductivity of 1.3x1-O-2 feet per -day, and an average
vert ical hyd.raulic conductivity of 3 .8x10'3 f eet per day for
sandstone uni ts  of  the Blackhawk Format ion (L ines,  1985) .  Shale
and siltstone samples of the Blackhawk Formation have rnaximum
horizontal and veri ical hydraulic conductivit ies of only 1. oxl-o-?
and 1.2x106 feet  per  day,  respect ive ly  (L ines,  l -985) .  These low
hydraulic conductivit ies of the shales and si l tstones indicate that
these f iner-grained sediments within the Blackhawk serve as
barriers to the downward migration of water. As a result,  water
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recharge into the Blackhawk, either from adjacent formations, snow
me1t ,  or  ra in faI l ,  is  a l lowed to percorate ver t ica l ly  through
sandstone beds unti l  a si l tstone/shaIe bed is encountered at which
time the water is forced to travel lateralIy along the bedding
prane to the sur face.  s ixr i lar ly ,  the major i ty  o f  the seeps and
springs in the Castlegate, Star Point and uorth Horn Formlt ions
observed in the f ield. surveys in Crandall  Canyon also issue from
bedding planes. Due to the presence of these vert ical permeabil i ty
barriers, the aquifers in the North Horn, price, River, castlegatel
as well as in the upper port ions of the Blackhawk Formationi are
perched, with no direct communication to the underlying regional
Blackhawk-star Point aquifer. consequentry, dewatering of the
Blackhawk-Star Point aquifer result ing from mining the Hiawatha
CoaI of the Blackhawk Formation has l i t t le potential of affectJ-ng
seeps  and  sp r ings  i n  t he  a rea  (L ines ,  l _985 ) .

Most of the seeps and springs in and around the state lease
areas,  r ight  o f  way,  and the LBA leases pr inc ipa l ly  dra in aqui fers
in the North Horn and Price River Formations (Appendix 7-16). The
North Horn and Price River Formation aquifers l ie 47O Eo over 241-0
feet above the top of the Hiawatha CoaI Seam and are found along
bedding planes and appear perched with no direct hydraulic
connection to the potential mine workings in the Hiawatha coal bed.
As a result,  mine dewatering is anticipated to have mininral, i f  any
affects on these seeps and springs.

Lesser numbers of seeps and springs drain the perched aquifers
in the Blackhawk Formation and 1ie approximately 42O or more feet
above the potentiometric surface of the regional Blackhawk-Star
Point aquifer. With no direct communication to the underlying
regional aquifer these water sources should not be affected by nine
dewatering.

Seeps and springs northwest of the lease areas and right of
way discharge from the North Horn Forrnation or alluvium covering
the North Horn Formation in Litt le Joers Valley. In contrast to
other seeps and springs in the study area, f lows from many of these
water sources increased substantial ly between the spring/early
sunmer surveys and the fal l  surveys (Appendix 7-L7). This
anonalous water f low trend is attr ibuted to three factors. First,
recharge from the Joe's ValLey Fault Zone. These water sources l ie
in a l inear trend paralIel to the fault zone, directly along or
west of Indian Creek which also fol lows the trace of the fault
zone. Secondly, recharge from water in the colluvium and al luvium
on the west-facing slope of East Mountain f lows downhil l  toward
Litt le Joe's Valley and discharges into the valley al luvium. The
relatively late arrival of this water is due to the lag t ime as
this snow melt-derived water travels through the soil  to the valley
f Ioor .  Thi rd1y,  these seeps and spr ings in  L i t t le  Joe,s Val ley l ie
in a different drainage basin than those in the rest of the study
area, a drainage basin which has a contrasting f low pattern to that
present in the Huntington Creek tr ibutaries on the east-facing
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s lopes of  East  Mounta in.

.  Dur ing the per iod of  March and Apr i l  Lgg7,  a moni tor ing wel l
(W:l) was instal led at the crandall  -anyon Mine in the locit ion
indicated in P1ate 7-L3. This well  currently serves as a water
supply werl for the mine. MW-l- sras dri lrea using air-rotary
methods to a total depth of 375 feet, and encountere-i l  Star poinl
Sandstone through its entire depth (Figure 7-t).

The dri l ler indicated that the formatj-on was relatively
homogenous except in the zone from zgo to 335 feet, where tha
sandstone became coarser. f t  is from this zone that the well is
producing water, with water f irst being encountered at a d.epth of
about 315 feet. The static water level approximately one week
af ter  complet ion of  the wel l  was at  a  depth-of  186.1 feet  be low
ground surface, indicating the presence of a signif icant upward
pressure component (approxirnately 130 feet) within the saturated
zone .

After completion of the we11, a slug test was performed on the
well to determine the approximate hyd.raulic characlerist ics of the
Star Point Sandstone at the rnine si le. This test was performed by
insert ing approximately 10 feet of dri l l  stem below the water
surface and al lowing the water level to stabil ize over a period of
3.75 hours. Although water 1eveI recovery was measured during this
period, the data are not adequate for slug-test analysis sin6e the
dri l l  stem was present wiLnin the zoie of inf 1-uence of the
injection test, thus d.isplacing addit ional water during the
recovery period.

Following stabil ization of the water level, the dri1l stem was
rapidly removed from below the water level- and the result ing
recovery to static condit ions was measured for a period. of rnori
than 2 hours. Data collected from this test have been provided to
the Division in a letter addressed to Mr. Dave Cline f lom Richard
B.  whi te  of  Ear thFax Engineer ing,  rnc.  and dated Apr i r  ao,  Lgg7.
Data collected for the f irst 700 seconds of the test are provided
in  F igu re  7 -2 .

rn-mine uronitoring werrs Mw-4 and Mw-5 were instal led,
completed, and developed in January, a992. Monitoring well Mw-3
is located in an area that waJ- seared in t97g a-r,a is now
inaccessible. Water-Ieve1 d.ata col lected in January, Lgg2 from MW-
2' Mw-4, and Mw-s were used to prod.uce the potentiometric surface
map depicted on Plate 7-13. Slug test were l lso performed on MW-4
and MW-5.
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The slug test data were analyzed
Bouwer and Rice (t976). According to

K = r"2-1n (&LrJrJ
2L t

using a rnethod developed by
this rnethod:

where

In (R"/r-)

where

H

v.
yt

ln (R"/r*)  =

1 . 1
In (H/r*)

g"
Yt (7 - t )

hyd.raulic conductivity (feet per day)
radius of the casing (feet)
radius of the well
length of the screened section (feet)
t ime since test began (seconds)
rnaximurn drawdown during test of drawdown
inmediately fol lowing slug injection or
withdrawal (feet)
drawdown at t irne t (feet)Yt

= depth from static water level to the base of
the producing zone

c = a dimensionless coeff icient as a function of
L/r* obtained from Figure 3 of Bower and Rice
(L976 ,  p .426 ,

For the slug test conducted. at MW-l,

c
L/r*

F,  :  0 .25 f t  (ho1e radius of  3  inches)
335-290 : 45 ft ( length of the producing zone
according to the dri l ler 's records)
335-187 = 148 f t  (d is tance between the s tat ic
water level and the base of the producing zone
2 .5O f t  ( see  F igu re  7 -2 )
2 .LO f t  a t  t  =  4oo  s  ( see  F igu re  7 -2 )

- c
T -
D

By means of
conductivity of O.
45-foot producing
aquifer at the
transmissivity of

05 lL2 le3

1 . 1 +  -  6 . 6  - l  :  4 . 8
4 5 1 O  . 2 51n (148 /0 .25 )

equation (7-1) and these data, a hydraulic
1 foot per day was calculated. Assuming that the
zone accounts for the entire thickness of the

location of Mw-l, this value converts to a
4.5 square feet per day. Slug tests from Mw-4
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and Mw-5 were analyzed using the same equation and the hydraulic
conduct iv i ty  for  MW-4 was determined to be 0.6 foot  per  day (2.3
square feet  per  day)  and 2.5 foot  per  day ( l -3 .0 sguare feet  per
day) for MW-5. The data sheets for MW-4 and MW-5 slug tests are
included in Appendtx 7-24. These determined transmissivit ies are
sini lar to those rneasured by Lines ( 1985) from purnping tests
performed in the Star Point Sandstone near TraiI Mountain
approximately 10 miles southwest of Crandall  Canyon.

Accord ing to  Danie lson et  a I .  (1-981-) ,  the f low of  groundwater
in the region is general ly from high-elevation rechargie areas
toward major  canyons.  As shown on Plate 7-L3,  the p iezometr ic
surface in the Star Point Sandstone aquifer is below the mine f loor
throughout the current workings. Minor inf low to the exist ing mine
workings has been from the roof only, even though the f loor of the
mine within the western third of the mine area is below the
elevation of Crandall  Creek. fn addit ion, 8s noted above, the
depth to groundwater at the mouth of the mine (at MW-1) is
approximatefy LB6 feet below ground surface. Thus, i t  is
relsonable to assume that groundwater within the Star Point
Sandstone beneath the mine does not discharge into Crandall  Creek.

Although the regional stratigraphic dip is to the west (see
Chapter 5), strata locally d.ip to the southeast. As shown on Plate
7-L3, the direction of groundwater f low in the Star Point Sandstone
beneath the mine is elstward., from East Mountain to Huntington
Canyon.

In the area of Trai l  Mountain ( located approximately 1O miles
southwest of Crandall Canyon) the hydraulic gradient of groundwatgr
in the Star Point Sand.stone varies trom about 0.11 foot per foot in
the recharg:e area near the ridge l ine to about O.O3 foot per foot
in  the d ischarge area in  Stra ight  Canyon (L ines,  1985) .  Due to the
sirni lari ty of the geologic condit ions in the two areas (Waddell et
dI . ,  1981) ,  s imi lar  hyd.raul ic  gradients  are expected in  the East
Mountain recharge area and Huntington Canyon discharge area,
respectively.

Usage of seeps and. springs within the survey area is confined
to deer, elk, and other witafi te and l inited usagie by l ivestock.
None of 

'springs 
appear to have been improved. for human consu-nption-

As would be 
- 

exp-ected., wild. l i fe usagie of the springs. is most
abundant where flows are greatest and the source is most
access ib le .

Data contained in Table 7-L indicate that the specif ic
conductance of water issuing from springs in June generally
increased. with increasing slratigraphic depth. This is in
agreement  wi th  the f ind ing-s of  Oanie l ion et  a I ,  (L981) .  Spr ings
ilsuing from the Price niver Formation typical ly had a specif ic
conductance during the June survey that varied from 150 to 450
umhos/cm at 25oC wfri fe those issuing from the Blackhawk Formation
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and Star Point Sandstone had a specif ic conductance varying from
500 to 1000 unrhos/cm at  25oC. This  increase in  speci f ic
conductance is indicative of leaching of minerals by the
groundwater as j-t flows through increasing distances of bedrock to
the lower stratigraphic posit ions.

The pH of water issuing from springs in the survey area showed
no trends within or between formatibns. Values varied. from 6.80 to
8.57,  averaging 7.74.  Hence,  spr ing water  in  the s tudy area is
s l ight ly  a lka l ine.

In those springs with suff icient water to sample, pH generally
increased sl ightly between June and october. Increases normally
amounted to  o.1 to  0.5 pH uni t .  Speci f ic  conductance showed no
consistent pattern between the June and October data, with
approximately as many increases as decreases between June and
October .

Water temperatures vary widely at the site. In general,
temperatures are lowest in springs issuing from fractures and
highest in springs issuing frorn shallow colluvium over bedrock.
Low ternperatures general ly occurred in spri-ngs with relatively low
specif ic conductances.

Groundwater Development and Mine Dewatering

Water Supply

As noted previously, a few of the seeps or springs inventoried
during the spring/seep surveys have been developed for beneficial
use. This development does not include springs issuing from the
Star Point Sand.stone. No water wells used for consumption by
humans or animals, other than MW-1, are known to exist within the
study area of the spring inventory. Hence, only minor groundwater
development has occurred in the past within the mine plan or
adjacent  areas.

Appendix 7-43 contains a l ist ing of groundwater r ights (and
their associated seeps and springs) in and adjacent to the pernit
area. This data was obtained from the f i les of the Utah Division
of Water Rights in February, tggz. More in-depth information
concerning these rights is contained in Appendix 7-1. Locations of
these water r ights are denoted in Plate 7-14. Appendix 7-43 also
shows what groundwater right corresponds to the seeps and springs
observed in the f ield inventories.

Mine Dewatering

An underground water bud.get (January 15, 1991-) appears in
Appendix 7-2L. Current use of  mine inf low is 7.6 gpn. Projected
use of mine inflow is 7.9 gprn. The quantity of mine inflow that is
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Iost  to  evaporat ion and in f i l t ra t ion are est imates based on
experience at other mines, and, the infrequent need. to discharge
into Crandal l  Creek.

Although worst-case estimates of mine inf low are greater than
the present inf low rate, the actual inf low rate to be encountered
is unknown. rn order to effectively treat mine infrow an
addit ional sump and pump house wil l  be buil t  in the southeastern
corner  of  Lease ML-21559 (Appendix  7-22) .  This  ne! , r  sump wi l l  be
equipped with a worthington pump capable of pumping 150 gpm at aoo
psi: This proposed sump wil l  serve as ine- prirnary 

-f,reatment

faci.r i ty for mine inf low, as well as the active water- suppry for
nining operations. The exist ing sump wilr be maintain-e-d 

-as 
a

secondary water treatment faci l i ty. rf  discharge is required,
water to be discharged wil l  be init ial ly treated in the proposed
sump in Lease ML-2L569, them pumped to the secondary (presently
exist ing) surnp, prior to d.ischirg- into Crandall  creek.

In the event mine inf low rates exceed the capacity of these
treatment faci l i t ies to treat the mine inf low to meet the discharge
linit  cri teria outl ined. in the NPDES Permit, Genwal commits io
modifying these treatment faci l i t ies and./or constructing addit ional
faci l i t ies in order to ensure compliance with the NPbEs Permit.
Treatment faci l i t ies to be considered include enlargement and/or
construction of addit ional und.erground sumps and/or surface
sett l ing pond.s. I f  excessive water volumes are encountered. the use
of f locculants and gel- logs wil l  be considered as stopgap measures
unti l  more permanent treatment faci l i t ies are in-pla-e.

Present inf low into al l  of the Crandall  Canyon mine workings
total no more than 100 gallons per minute. The vast rnajority of
this inf low is occurring in the o1d mine workings (Leases vo54762
and SL-O62648) .  on ly  negl ig ib le  mine in f low has been encountered
j-n the right-of-way and. state Lease ML-21-569. currently, water
used in mining operations is being pumped to State Lease SL-21569
from the sump in the old mine workings. All  inf low water is used
in underground mining operations.

Effects of Mining Operation On croundwater

Mine dewatering (result ing in removal of water from the
aquifers) is the primary mechanism by which the groundwater system
may be inrpacted. As previously stated, i t  is believed that the
water eroitt ing from seeps and springs in State Leases ML-21568 and
ML-21569r  dS wel l  as in  the surroundingr  areas,  or ig inate f rom
perched aquifers with no direct communication with the regional
Brackhawk-star Point aquifer. Thus, dewatering result ing from
mining the Hiawatha CoaI of the Blackhawk formlt ion has l i t t1e
potential for inpact. This observation is in agreement with
condi t ions present  at  Tra i l  Mounta in as repor ted by L ines (1995) .
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As.  prev ious ly  s tated,  averagie hor izonta l  and ver t ica l
hydraulic conductivit ies in the Bljckhawk Formation are l-.3x10'2
r : : !  per  day,  respect ive ly  (L ines,  1985) .  B lackhawk shares and
sil tstones have maximum- horizontal and vert ical hydraulic
conductivit ies of 1.0x10'7 and Ll2xL-4 feet per day, resplct ively
(L ines ' -1985) .  L ines  (1985)  a l i o  repo r t s  rn l x imum-hor i z6n ta l  . n i
vert ical hydraulic conductivit ies tor- tne Star Point Sand.stone of
3.1xL0-z and 1.Lx1o-2 feet  per  day,  respect ive ly .

1 slug test performed in MW-1, MW-4, and MW-5 (pIate Z-L3)
revealed a hydraur ic  conduct iv i ty  o f  0 .1 foot  per  day,  o .6 foot  per
day,  and 2.5 foot  per  day,  respect ive ly ,  for  the s tar  po int
sands tone  ( sec t i on  7 .L .2 .2 ) .  i hese  va lues  t rans ra tes  to  a
t ransmiss iv i ty  o f  4 .5 square feet  per  day,  2 .3 sqaure feet  per  day,
and 13.0 square feet per day ror uw-t, uw-a, and l, tw-s respe-t ivery.
These results are sini lar to those reported by Lines (1995) at
Trai l  Mountain.

A map of the potentiometric surface of the Blackhawk-Star
Point aquifer in the permit area appears on plate 7-L3. The
average horizontal hydraulic gradi-ent across the permit area is
0 .02  foo t  pe r  f oo t .

!, t i t igation and Control plan

Based on information presented in the preceding section, only
minimal irnpacts on ground.water resources in the pLrmit area rray
resul t .

Shou1d it  be necessary to develop alternate water supplies due
to unexpected diminution or interruption of f lows as a direct
result of mining activit ies, the applicant wiII  contact the Utah
Division of wildl i fe Resources and 

-dLvelop 
plans to replace water

suppries in guantity and quarity, on a cise-uy-case bisis. This
would be augmented with water currently owned by Genwal CoaI
company, and would be a 1 to 1 replacement through welrs and
diverting underground. frows and or other mitigition as to
discussions with UDWR.

Currently, treatment of mine water prior to discharge into
Crandall Creek includes use of one underground sump. Discharge to
Crandall Creek has occurred only 3 t imes in the last 5 years (NPDES
Pernr i t  -  Appendix  S-ra; .

7 .24.2 Sur face Water  In format ion

Scope

This section presents discussion of surface water condit ions
wi th in  and adjacent  to  the permi t  area ( lease areas SL062648 and U
054762 ,  s ta te  l eases  ML21568  and  ML21569 ,  and  the  r i gh t -o f -way ) .

05 lL2 /e3 7 -]-4



Conclusions drawn herein are based upon a f ield reconnaissance of
the area and a review of published hydrologic information.

Methodology

The U.S.  Geologica l  Survey establ ished a gaging s tat ion at  the
mouth of Crandall  Creek in 1978. The gaging station was maintained,
through water year l-984. Data collected from this station were
obtained from the Water Resource Division of the USGS in SaIt Lake
City and used to determine seasonal variat ions in f lows in areas
adjacent  to  the mine p lan area.

Regional Surface Water Hydrology

Crandall Creek is an east-f lowing tr ibutary of Huntington
Creek, one of the major tr ibutaries of the San Rafael River.
Huntington Creek had annual flows near Huntington ranging from
25 ,000  to  15o ro0o  ac re - fee t  du r ing  the  pe r iod  o f  oc tobe r  193L
through September L973,  averaging 65,OOO acre- feet  per  year
(Wadde1l  e t  a I . ,  1981-)  .  Var ia t ions in  the annual  f low of
Huntington Creek near Huntington are depicted on Figure 7-6.

Approximately 50 to 70 percent of stream flow in the mountain
streams of the region occurs during May through July (waddell et
a l .  r  1981) .  St ream f low dur ing th is  la te spr ing/ear ly  summer
per5-od is the result of snow rnelt runof f .

The quali ty of water in Huntington Creek and other similar
streams in the area varies signif icantly with distance downstream.
Waddel l  e t  a I .  (1981)  found that  concentrat ions of  d issolved so l ids
varied from l-25 to 375 mil l igrarns per l i ter in reaches of major
streams above major diversions to 1600 to 4025 rni l l igrams per l i ter
in reaches below rnajor irr igation di-versions and population
centers. The major ions at the upper sites were found to be
calcium, magnesium, and bicarbonate, whereas sod.iurn and sulfate
became more dominant at the lower sites. They attr ibuted these
changes to (a) diversion of water containing low dissolved solids
concentrations, (b) subsequent irr igation and return drainage from
moderate to highly sal ine soils, (c) groundwater seepage, and (d)
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inf low of sewage and pollutants from population centers.

Average annual sediment yields within the Huntington Creek
drainage basin range from approximately 0.1 acre-feet per square
ni le  in  the headwaters area to  about  3.0 acre- feet  per  square mi le
near the confluence with the San Rafael River (Waddell et d1.,
198L) .  Incre,ases in  sediment  y ie ld  wi th  increasing d is tance
downstream is general ly the result of increasing amounts of shale
and sandstone in  the downstream di rect ion (Waddel l  e t  a} . ,  1981) .

Mine Plan Area Surface l lydrology

The permit area is drained by a combination of ephemeral,
interrnittent, and perennial watersheds. These watersheds are steep
(with average slopes often exceeding 50 percent) and well vegetated
(wi th  percent  covers a lso of ten exceeding 50 percent) .

FIow measurements co l lected at  the U.S.  Geologica l  Survey
gaging station at the mouth of Crandall  Creek, from a f lume in
efina-Creek, and estirnated in Horse Creek are contained in Appendix
7-2. The Crandall Creek d.ata are summarized in Figures 7-7
(monthly flow volumes) and 7-8 (nonthly maxirnum and minimum flow
rates)  for  the per iod of  record (October  1978 September 1984) .
Data collection from the Crandall  Canyon gaging station was
discontinued by the USGS in L984.

As noted in Figures 7-7 and '7-8, the f low data for Crandall
Creek are not complete for the winter months in most years,
presumably due to data acquisit ion problerns. Assuming an average
ilow of 3b acre-feet per month for the period of missing record,
the average annual f low for the six-year period of data contained
in Appendix  7-2 was 2740 acre- feet .

According to Figure 7-8, maximum flow rates in Crandall  Creek
normally occur in the months of May or June, while minirnum recorded
flows occurred during the rnonths of September through November.
During the period of record, the maximum recorded daily f low rate
has been 88 cubic  feet  per  second (on May 30,  l -983) .  The min imum
recorded dai ly  f low ra le has been O.28 cfs  (on severa l  days in
September L98l-) d,uring the same period. Lower minimums may have
occurred during the period when data are lacking.

PIan and profi le views of Crandall  Creek adjacent to the
sur face fac i l i t , ies are shown on P1ate 7-L.  SeLected cross sect ions
are provided. on Plate 7-2. As noted, Crandall  Canyon is steep,
with channel slopes normally exceeding 5 percent. The channel
bottom is approximately 10 feet wide and side slopes are steep
(genera l ly  greater  than 1-00 percent) .
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Surface water-quali ty data col lected from Crandall Creek by
Genwal are contained in Appendix 7-3 and summarized in Table 7-5a.
These data,  co l lected between June 1983 and November 1985,  ind icate
that the dominant ions in Crandall  Creek are caicium and
bicarbonate. Total dissolved solids concentrations in the stream
have varied from 1go to 286 rni l l igrams per r i ter, with lower
concentratj-ons normally occurring auiing the high-f low season.

Total suspended solids concentrations in Crandall  Creek have
var ied dur ing the per iod.  o f  record f rom <0.5 to  5.0 mir l igrams per
ri !?l (see Appencr' i  x 7 -3) . As expected., the highest Juspenhed
solids concentrations general ly oCcur during perloa of highest
f  low.

Blincl Canyon Drainage

In consul ta t ion rnr i th  the Div is ion of  o i I ,  Gas and Min ing,  Utah
state Lands,  the Mant i -La sar  Nat ionar  Forest ,  the u.s .  Forest
Service Intermountain Research Station, and. the U.S. Bureau of Land
Management, Genwal coal company has cornmitted to partaking in a
study by which the pi l lars beneath the unnamed drainage in- Blind
canyon in T15s-R6E-sec 36 wil l  be retreat-mined as part of a
scientif ic study to determine effects of retreat-mining produced
subsidence on watershed erosion and stream flow. This stuay would
monitor the actual affects of rnining as proposed in Section 36.
Ehe U.s.F.s .  In ternrounta in Research Stat ion,s  research proposal
appears in Appendix 7-2s. This research proposal has been
developed during close communication between the Interrnountain
Research Station and. Genwal Coal Company. Genwal Coal Company has
commit ted to  help f inance the U.S.F.S.  In termounta in nesearch
station's study, and perf orrn subsid.ence rnonitoring as well as
collection of Bl ind canyon water quali ty and dischirge d.ata. A
tinetable of research and mining-to ba conducted is found in
Appendix 7-26. This t imetable wal developed. in consultation with
the u-s.F.s .  rn termounta in Research s tat ion,s  pr inc ipa l
Investigator, to ensure that, baseline d.ata wil l  be collected. prior
to subsidence within the study area.

As part of an agreement between Genwal Coal Company and the
above-referenced part iesr pre- and post-nrining erosion calculations
for the Blind Canyon drainage have teen calculated to d.etermine the
potent ia l  degree of  increased eros ion.  These ca lcu lat ions appear
in  Appendices 7-27 throuqh 7-3g.  An overv iew of  the eros ion
calcu lat ions is  presented in  append. ix  7-39.  F ina l  resul ts  of  these
calcu lat ions are presented in  Appendix  7-38.  Drawings appl icable
to the eros ion ca lcu lat ions appear  as Plates 7-8 ,  7-9,  7-Lo,  and 7-
11 .

Append.ix 7-38 results indicate a potential worse-case increase
of  eros ion ex i t ing s tate Lease ML-21569 (T i -5s-R6E-sec a6)  onto
Mant i -La Sal  Nat ional  Forest  land to  be o.374 ac- f t .  Th is  va lue is
the sum of the sEDRourE calculations (Appendix 7-37), and the
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st ream bed eros ion ca lcu lat ion conta ined in  Appendix  7-38.  This
worst -case ca lcu lat ion assumes aI I  potent ia l ly  erodib le  mater ia l  is
transported onto Manti-La Sa1 National Forest Service land. The
Manti-La Sal National Forest Service desires an equal or greater
amount of sediment to be trapped elsewhere in the Manti-La Sal
National Forest to offset potential erosion increases that may
resul t  f rom ret reat  n in ing of  State Sect ion 35.  As d iscussed wi th
the  U .S .F .S .  Research  S ta t i on  pe rsonne l ,  and  o f f i c i a l s  o f  t he
Manti-La Sa1 National Forest Service, erosion control measures
cannot be implemented within the Blind Canyon drainage on the State
of Utah or Manti-La SaI National Forest Service lands due to
potent ia l  impacts on the U.S.F.S.  fn termounta in Research Stat ion 's
study. Consultations with Manti-La Sal National Forest Service
personnel have revealed that the Forest Service has identif ied
numerous sites within the Manti-La Sa1 National Forest where
erosion control measures are desired. Genwal commits to providing
the Forest Service with ten thousand dollars to be used by the
Mant i -La SaI  Nat ional  Forest  a t  s i te(s)  chosen by,  the Forest
Service to control this or a greater amount of sediment elsewhere
in the Mant i -La SaI  Nat ional  Forest .  The Mant i -La Sa1 Nat ional
Forest would be responsible for determining what sediment control
measure is to be used, and for implementing and maintaining (i f
necessary) the control measure. Addit ionally, Genwal commits to
remediating any adverse effects of retreat nining.

Thin-section microscopy and x-ray diffraction analyses of
shales obtained from Crandall Canyon Mine overburden reveal the
presence of a variety of bentonit ic (swell ing) clays. Moreover,
carbonate cementation characterist ics observed in thin-section and
at outcropsr dS well as groundwater anal-yt ical results, suggest
pore-f luid chemistr ies that wil l  promote sealing of subsidence
fractures (Appendix  7-4t ) .  Th is  appendix  a lso references a U.S.
Forest Service study which indicates physical closure of subsidence
fractures. The Crandall Canyon Mine overburden mineralogy, as weII
as physical closure of tension fractures, wil l  aid in the
protection of perched aquifers and surface waters.

Surface l{ater Development and Control

Water SuppJ.y

No extensive surface water development has occurred in the
mine plan or adjacent areas. Genwal has historical ly pumped water
from the stream near the sedimentation pond for use underground.
Howeverr no pumping has taken place over the previous two years.
once the magnitude of the minimurn instream flow is established,
Genwal agrees to not pump from Crandall Creek at a rate that wil l
cause the instream flow to decrease below the minirnum required
rate. For the purpose to this determination, f low rates wil l  be
measured using the f lume at the rr l ,ower Strean Station'r indicated on
P1ate 7-7. No other points of development are known to exist on
CrandalI Creek or ad.jacent streams in the innediate vicinity of the
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Table 7-5a. Concentrations of Selected Constituents in Cranda]I
Creek.

Constituent Maximum Date
(mg /1 )

Minirnum Date
(ng/  1)

Mean
( n g / 1 )

Upper Station(")

To ta l  D i ss .  So l i ds
Tota l  Susp.  Sol ids
PHOI
Total Iron
Diss I ron
Total Manganese

Lower Station(")

Tota1 Diss.  Sol ids
Tota l  Susp.  Sol ids
PHol
Total Iron
Diss I ron
Tot,a1 Manganese

60 Samples

320
L472
8 .28
0 .  34

<0 .  05
o .  03

52 Sarnples

323
14  58
8 .66
o .25

<0 .  05
o .  03

L] - /  24  /  87
5 / t 6 / 8 4

L o / 2 e / 8 6
6 / 2 8 / 8 3
Several
Several

1 8 0
o

6 .75
<0 .  05
<0 .05
<0 .01

4 / 0 8 / 8 s
7 / L 7 / 8 6
L / L 4 / 8 4
Several
Several
Several

] - L /07  184
7 /L7 /86

] -L l  oL /  84
Several
Several
Several

255
5 9 . 3
7  . 7 8
o . 0 6

< 0 . 0 5
o.  01

259
57 .8
7 .75

<0 .05
<0 .05

o .  01

L l2e /86
5 / t 6 /84

LL I  20  /  86
6 /28 /83
Several
Several

t65
0

6 .95
<0 .05
<0 .05
<0 .01

(a) See Fiqure 7-B
(b) tn staidard pH units
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mine p lan area.

Genwal ,  in  consul ta t ion wi th  the U.S.  Forest  Serv ice,  wi I I
determine the appropriate base-line strean flows which strould be
naintained in Crandall  Creek during pumping episodes.

Table 7-6 presents a l ist ing of surface water r ights within
the permitted and adjacent areas as obtained from the f i les of the
Utah Division of Water Rights in June, 1990. More in-depth
information concerning these rights is contained in Appendix 7-1.
List ing of these rights are noted on Plate 7-L5.

Only one water-supply intake is known to exist on Crandall
Creek. This intake is located imrnediately upstrearn from the
sedimentation pond and is operated by Genwal to obtain water for
use at the mine. A search of records on f i le witn the Utah
Division of Water Rights and an examination of physical condit ions
along Crandall Creek and Huntington Creek indicate that no other
water-supply intakes exist within one mile from the confluence of
the two streams.

7.24.3 Geologic  In fornat ion

Suf f ic ient  geologic  in format ion requi red for  Sect ions 724.310
and 724.320 is provided. in Chapter 6 and in this chapter under
Sec t i ons  7 .24 .1  and  7  . 24 .2 .

?.24.4 Cl imato logica l  In format ion

General

The Air Pollution Control Plan has been approved with
condit ions by the Department of Health letter of February 3, L992.
Fugitive d.ust control measures to be used in connection with the
Genwal Mine faci l i ty are included within the rernainder of this
Sect ion.
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Table 7-6. Surface water r ights in the Crandall  Canyon Mine Perrnit 4 Area & Adjacent Areas

w. u.
Claim
No . Owner

Clairn
Allotment Use Per iod of  Use Scr-ne

93-L75

93 -181

93-L82

93 -183

9  3  -184

93  -188

93 -190

93 -191

93 -198

93-258

93-336

93-377

93 -383

93 -483

U.S.  Fores t  Serv ice

U.s.  Forest  Service

U.S.  Fores t  Serv ice

U.s .  Fores t  Serv ice

UT State Lands&Forestry

U.s .  Fores t  Serv ice

U.S.  Fores t  Serv ice

U.s.  Forest  Service

U.S.  Fores t  Serv ice

UT State Lands&Forestry

U.S.  Fores t  Serv ice

U.S.  Fores t  Serv ice

UT State Lands&Forestry

U.S. Forest  Service

( a )

(b )

(d )

(a )

( c )

(d )

(d )

(a )

(e )

( c )

(a )

( f )

( c )

(a )

Stockwater

Stockwater

Stockwater

Stockwater

Stockwater

Stockwater

Stockwater

Stockwater

Stockwater

Stockwater

Stockwater

Stockwater

Stockwater

Stockwater

July 6 to Sept 25

July 1 to Aug 30

NIay 21 to Aug 30

July 6 to Aug 25

Jan 1 to  Dec 31

May 21- to Aug 30

June 2L to Sept 10

JuIy 6 to Sept 25

JuIy 1 to Sept L0

Jan 1 to  Dec 31

JuIy 6 to  Sept  25

June 1 to Sept 30

Jan 1 to  Dec 31

JuIy 6 to Sept 25

Strearn

Sb:ean

Strean

Sb:ean

Sbrearn

Sbrean

Skean

Slr:eam

Skean

Strean

Str:ean

Shean

Sbream

Stream
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Table 7-6. Surface water
(Continued)

rights in the Crandall canyon Mine Perrnit 4 Area & Adjacent Areas

w. u.
Cla in
N o . Owner

CIaim
Allotnent Use Period of Use Source

93-606

93 -1180

93 -1590

93-L673

U.S .  Fo res t

U .S .  Fo res t

U .S .  Fo res t

U .S .  Fo res t

Service

Service

Service

Service

Stockwater

Stockwater

Stockwater

Stockwater

June 6

June 21

June 21

June 6

to Sept  25

to Sept  30

to Sept  30

to Sept  20

(a )

(d )

(g )

(h )

Sbeam

Sbeam

Skean

Sb:ean

(a) Part of water r ight WUC 93-1403 on Crandall  Canyon Allotrnent
(b) Part of water r ight wuc 93-507 on Horse creek Alrotnent
(c)  Par t  o f  water  r ight  WUC 93-500
(d) Part of water r ight WUC 93-116 on Gentry Mountain Allotment
(e )  Pa r t  o f  wa te r  r i gh ts  WUc  93 -L93 ,  -198 ,  -2oL ,  -7 -4Lo ,  -1411 ,  -L4L2 ,  -L413 ,  and  -L4L4  on

Crandall Canyon Allotrnent
( f )  Par t  o f  water  r ight  WUC 93-377 on L i t t le  Joe 's  Val ley Al lo tment
(g) Part of water r ight WUc 93-1588 on Trai l  Mountain Allotment
(h)  Par t  o f  water  r ights  WUC 93-985,  -L632,  and -L677 on Joers Val ley Al lo tnent
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Existing Environuent

Precipi tat ion

Monthly Averages

Yearly Average z 20. OOr!

Mean Monthly: 1 . 7 5 r 1

Temperature

Jan .

Apr .

July

Oc t .

2 .go . l

o .72 t .

0 .  g 6 r l

0 . 4 0 r 1

+32
-l_o

Feb.

May

Aug.

Nov.

2 . 1 8 r 1

L . 6 7 n

2 . 2 9 n

2 . 6 6 n

Mar.

June

Sept .

Dec .

2 . 5 3 r 1

o . l g r l

0 . 3 2 r 1

3 . 1 9 r l

Surnmer Range:
Winter Range:

to  +90
to  +40

Degrees Fahrenheit
Degrees Fahrenheit

Evaporation

Potential evapotranspiration of 18 to 21 inches per year.

Ilunidlity

Normal for elevation in this area.

Wind

Average direction of prevail ing winds from west and northwest.
The average velocity of prevailing winds representative of the
proposed mine plan area is 12 miles per hour as best determined by
the Utah State Clinatological off ice.

Effects of Mining Operation On Air euali ty

Estimate of Uncontrol led Emissions

The estimate of uncontrol led part iculate emissions was
deterrnined by the State of Utah Department of Hea1th for a coal
product ion rate not  to  exceed l r500rOOO tons per  year .

Descript ion of Control Measures

Refer to Appendix 4-7 for measures that wil l  be specif ical ly
committed to, for implementation. The air quality approval order
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authorizes the increase in coal production with the condit ions
noted there in.

Clinatological and Air euali ty Monitoring

Operator proposes no monitoring plan as the State of Utah,
Division of Health proposed on reconrmendations for monitoring.
Refer to letter included as Appendix 4-7.

7.24.5 Supplenenta l  In fornat ion

It is not anticipated that any addit ional information wil l  be
requj-red for the PHC, since this is an approved permit l  however,
addit ional information may be requi-red. to satisfy st ipulations frorn
the  U .S .F .S .  and  D .O .c .M .

7.24,6 Survey of  Renewable Resource Lands

AI1 renewable resource survey information is included in the
Subsidence Contro l  PIan in  Sect ion 5.25.

7.24.7 Al1uv ia l  Val ley F loors

The permit area is located only in upland areas of the
Crandall Creek watershed, containing a thin veneer of col luvial
deposits. As a result,  the area is not underlain by an al luvial
va l ley f l -oor .

The area occupied by the surface faci l i t ies (adjacent to
Crandall Creek) is a steep, narrow canyon with only l inited amounts
of rocky al luvium. No agricultural activit ies have been conducted
in the area in the past nor will they be in the future due to the
l inited width of al luvium along the stream (less than 10 feet) and
to restr ict ive cl imatic condit ions. Hence, the Crandall  Creek area
adjacent to the surface faci l i t ies is also not an al luvia1 valley
f1oor .  This  conclus ion is  suppor ted by the U.S.  Soi l  Conservat ion
Serv i ce  ( see  Append ix  7 -L2 ) .  

- -

7 .25 Baseline Cumulative Impact Area fnformation

Suff icient information was provided by the Appticant during
the init ial permitt ing of the Crandall  canyon Mine for the Division
to d,evelop a Cumulative Hydrologic Impact Assessment (CHIA),

ModeJ.ing7 .26

No modeling has been conducted at this site, nor is any
planned at this t irne.
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7 . 2 7 Alternative lvater Source Information

Genwal  recognizes the fact  that  the Div is ion of  Wi ld l i fe
Resources and the Div is ion of  o i l ,  Gas & Min ing consider  aI I  seeps
and springs to be.irnportant to wildl i fe. I f ,  during the monitoring
of the springs, i t  is proven that mining activit ies have reduced
the f low of any seep or spring in the area by 50? or 

'more, 
Genwar

wi l l  not i fy  the Div is ion of  wi ld . l i fe  Resources,  The Div is ion of
oi l ,  Gas and Mining and the U.s. Forest Service and begin working
on an acceptable rnit igation plan involving the use of giuzzlers.
The utah Division of state Lands and Forestry wilr arso be
conferred with in formulating any rnit igation plans that wil l  affect
the lands in the State Leases. These guzzlers wil l  be designed in
cooperat ion wi th  the Div is ion of  Wi ld l i fe  Resources,  the Div is ion
of  Oi I ,  Gas and Min ing and the U.S.  Forest  Serv ice and p laced in
the area of the effected spring. No other sources of water, other
than the springs located by the seep and spring survey, are known
to exist in the mine plan area. Genwal owns shares in the
Huntington-Cleveland lrr igation Company that can be transferred if
required, to meet the demand.s of an alternate water supply, A copy
of the water share certificate whi-ch would be used as an
alternative water source is includ.ed in Appendix 7-14.

7 . 2 8 Probable HydroLogic Consequences Determination

(PHC) is included as aThe Probable Hydrologic Consequences
separate document in Appendix Z-15.

Cumulative Ilydrologic Irnpact Assessment

The Division has prepared a Cumulative Hydrologic Irnpact
Assessment (CHIA) for this operation in the init ial perrnit.  An
updated, complete PHC is provided in Appendix 7-LS to aid in the
determination as to whether a new CHIA is required for this
renewal .

7 . 2 9

7 .30

7 .3L

Operation Plan

General Requirenents

This section describes the groundwater and surface water
protection plan and water quality monitoring program implernented
within the existing permit area and to be irnplemented for the
refuse disposal site. The purpose of the groundwater and surface
water protection plan is to ninimize the potential for water
pollution and changes in water quality and flow for surface and
groundwater within and adjacent to disturbed areas. The purpose of
the water quality monitoring program is to identify the potential
irnpacts of coal mining operations on the hydrologic balance.
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7  . 3 1 .  1 I lydrologic Balance Protection

Surface and Groundwater Protection Plan

The Applicant includes in this application a plan to protect
the surface and groundwater in the area of the mine faci l i t ies,
topsoi l  s toraqe s i te  and refuse d isposal  s i te .  The p lan wi l l
ensure protection of the ground water and surface water resources
of the sites by handling earth and refuse materials in a manner
that prevents or controls, using the best technology currently
available, the discharge of pollutants to the hydrologic system.
Addit ionally, the Applicant commits to handle acid- and toxic-
forming materials, i f  encountered in the future, in a manner that
wil l  mi-nimize acid- and toxic- forming discharge to surface or
groundwater. The design detai ls of the water protection plans are
presented in  Sect ion 7.42 of  th is  appl icat ion.

7.3L.2 Water  Moni tor ing

Water monitoring d.ata wil l  be collected at the locations and
frequencies described. in the fol lowing plans for Groundwater and
Surface Water Monitoring. Collection frequencies may vary based on
accessib i l i ty  o f  the s i tes.  Water  moni tor ing repor ts  wi l l  be
subnitted to the Division on a quarterly basis, and a summary
report will be submitted yearly with the Annual Report for the
mine .

All test and measurement instruments are operated, maintained
calibrated in accordance with the manufacturers instructions.
results of al l  f ield measurements are recorded and init ialed by
sampler.

When laboratory measurements are required, a specif ic set of
sample bott les are pre-ordered from the laboratory. Bott les
received fron the laboratory are c1ean, pre-acidif ied and color-
coded,. once the sarnple bot€les are f i l led, they are individually
labeled with water-proof, smudge-proof labeIs, placed in ice chests
with ice packs and returned to tne laboratory as soon as possible
to insure proper holding t imes are met.

7.3L.2L croundwater  Moni tor i rg  Plan

As noted in Section 7.24.L only four springs were found during
the June 1985 seep and spring survey within the area of potential
subsidence with f low rates of one to two gallons per minute (SP-15,
SP-17 ,  SP-30 ,  SP-35 ) .  By  the  t ime  o f  t he  fa l l  su rvey ,  a l l  seeps
and springs with the areJ of potential subsidence except SP-30 and
SP-36 had d. r ied.  up.  SP-30 occurs as d i f fuse -seepage f rom.the
Blackhawk Formation above the mine portals and is col lected in a
pipe to avoid problens at the portal face. Flow at SP-36 issues
ironr a sandstone-sha1e contact within the Blackhawk Formation and
showed evidence of use by elk and deer. AIl  major springs (f lows

and
The
the

05 lL2 le3 7 -29



of at least f ive gallons per rninute) found during the June 1985
survey t/ere located outside of the area of potential subsidence at
that t irne.

The Right-of-Way and State Leases have since been added to the
pernit area, and the area of potential subsid,ence has therefore
expanded. Addit ional spring and. seep surveys were conducted in
L987,  1989,  1990. .  The proposed groundwater  moni tor ing program
described below is based. on the results of those surveys-and is
designed to evaluate irnpacts from the entire permit area, l including
the State Leases.

Groundwater monitoring for the Crandall  canyon Mine area wil l
include collection of wate-r quality and quantit-y data from eight
springs as well as points of signif icant inf low €o the underground
workings.

SP-30 and SP-36 wi I I  be moni tored to  determine potent ia l
irnpacts in the imned.iate vicinity of the mine.

SP-58 wil l  be monitored as an indicator of long-term changes
in groundwater issuing from the Blackhawk Formation in a area that
wil l  not be affected by mining operations. The magnitude of these
changes wil l  be usefur when interpreting changes at sp-30 and sp-
35 .

SP2-24,  SP2-9 and SP-47a wi l l  be moni tored s ince a water  r ight
has been f i led on the spr ings by the u.s .  Forest  serv ice.  spr ings
sP-19 and sP-22 wil l  be monitored as indications of the water
supply in the upper reaches of Bl ind Canyon.

Samples wil l  be collected quarterly from each of the monitored
springs unti l  the surface areas are reclaimed. Following
reclamation the samples wil l  be collected semiannually unti l  the
surety bond is released. At least one of these samples wil l  be
collected during the low-flow period (normaIly the fourth quarter).
These samples wil l  be collected as close as possible to the point
of issuance of the springs. Samples wil l  be analyzed according to
the l ist of parameters in Table 7-4. Samples collected during the
low-flow period of the year (fourth quarter) wil l  be analyzed
according to the l ist of parameters contained in Table 7-5 (as
requested in  guidel ines f rom DOGM) in  the years 1990 ,  !995,  ZOOO,
and at 5-year intervals thereafter unti l  the surety bond is
re leased.

Because SP-30 is col lected in a pipe to bypass the porta.I
area, i ts discharge point is accessible year-round. Hence, this
spring wil l  be monitored. and analyzed according to the Table 7-4 at
the point of Pipe discharge quarterly unti l  the surface areas have
been reclaimed. Following reclamation, SP-30 wil l  be monitored and
sampled according to Table 7-4 semiannually unti l  the surety bond
is released. The sample collected during the low-fIow period
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(normally the fourth quarter) wil l  be analyzed according to Table
7 -5  i n  t he  yg3 rs  1990 ,  t i ss ,  2ooo ,  an&  a t  S -yea r  i n te rva l s
thereafter untir the surety bond is rereased.

Al] sarnples wil l  be preserved as soon as pract, icable after
co l lect ion-  samples wi l l  

-be 
co l lected and anal |zed.  accord ing t ;the rnethodology in the current ed.ition of ilstand.ard Methods for the

Exanination of Water and wastewaterr! or the method.ology in 4o cFR
Par t s  136  and  434 .

. on a quarterly basis an inventory wil l  be conducted of the
active port ion of Lhe mine to identirf  the location and geologic
occurrence of mine inf lows that exceed. three gallons per-minu[,".
rn consultatio.n 

Yilh DocM, certain of these inf iows (i f  they occur)
wil l  be selected for continued ronitoi ing. currenlly, 6n1y one
such infrow exists, frowing from the roof of the rnine rr6m an
exploratory hole (DH-1) that was vert ical ly dri l led from within the
pernit area at the location shown on p1a€e 3-2 ( l isted as TTDRILL
HoLErr) .  This  hole is  capped and is  a l lowed to f low only  when
needed to col lect water-quatity data.

After selection of the inf low points to be monitored., data
wil l  be collected on a quarterly Uas-is and. analyzed. according to
Table 7-4. samples collected. duiing the low-flow- period lnorrnittythe fourth quarter) wil l  be analyzei according to 

-tab1e 
7-S in th-e

years i -990,  L995,  zooo,  and at  s-year  in terva ls  thereaf ter .
Monitoring and_ sampling of the selec€ed mine inf low points wil l
eontinue according to tfr is schedule in safely accessible port ions
of  the mine.

Water r ights apparently have been f i led for two ad.d.i t ional
springs in the area surrounding the lease areas (g3-L4o7 and 93-
1408  on  PLa te  7 -14 ) .  As  no ted  i n  sec t i on  7 .24 .1  the  sou rce  a t  93 -
l4o7 was not  d iscovered unt i l  the fa l I  o f  1990.  Unt i l  th is  t i rne i t
was surmised to  ex is t  as only  a seep (s in i lar  to  93-1408 (sp-47) .
since its discovery Genwal hal comrniltda to monitoring and sarnpling
sP-1407 (sP-47a) in the groundwater monitoring plan sltrnittea wit i
the Right-of-Way application. source 93-140e-e-xisted as a seep in
June but was dry in october, 1985. Hence, i t  was decided noi to
monitor 93-L408 on a long-term basis since it  does not f low at a
suff icient rate to permi{ sarnple col lection. sp-42 was observed
to be dry in  october ,  1989 and in  June of  1990.

Genwal instal led monitoring well-s near the mine portal (MW-1),
and in the East Mains near their- junction with the r.ioith ltains (MW:
2)  (P1ate 7-13) .  These locat ionJwere chosen in  areas where access
wi l l  be nainta ined as long as poss ib le .

Each underground monitoring well was dri l led. using air-rotary
techniques. Mw-l was dri l led to a total depth of 37s f6et (FigurJ
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Table 7-4. Abbreviated groundwater analysis l ist.

Field Measurements:

Water leveI or f low
pH
Specif ic conductance (unhos/cm)
Temperature ( .C)

Laboratory Measurements:

Tota l  d issolved so l ids
Total hardness (as CaCOr)
Bicarbonate (as HCO,)
Carbonate (as COr)
Calc ium (as Ca)
Chlor ide (as CI)

Dissolved i ron (as Fe)
Magnesium (as Mg)
Mang:anese (as Mn)
Potass ium (as K)
Sodium (as Na)
Sul fa te (as SOo)
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Table 7-5.  Extended groundwater  analys is  l is t .

Field Measurements:

Water level or f low
pH
Specif ic conductance (umhos/cm)
Temperature ( .C)

Laboratory Measurements:

Tota l  d issolved so l ids
Total hardness (as CaCOr)
Aluminum (as AI)
Arsenic  (as As)
Bar ium (as Ba)

Bicarbonate (as HCO,)
Baron (as B)
Carbonate (as COr)
Cadmium (as Cd)
Calc ium (as Ca)

Chlor ide (as CI)
Chromium (as Cr)
Cooper  (as (Cu)
Fluor ide (as F)
Dissolved i ron (as F)

Lead (as eb)
Magnesium (as Mg)
Manganese (as Mn)
Mercury (as Hg)
Molybdenum (as Mo)

Nickel  (as Ni )
Nitrogen-Ammonia (as NHr)
Ni t r i te  (as NOr)
Nitrate (as NOr)
Potass ium (as K)

Phosphate (as POo)
Selenium (as Se)
Sodium (as Na)
Sul fa te (as SOo)
Su l f i de  (as  S )
Zinc (as Zn)
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7-L) .  As 6 s /8- inch d iameter  s tee l  casJ-ng was cemented wi th in  a
lO- inch d iameter  ho le to  a depth of  LOO feet .  A 6- inch d iameter
open hole complet ion ex is ts  f rom LOO to 375 feet .  MW-2 was dr i l led
to a total depth of l-34 feet. Four-inch casing was set to 5 feet.
A 3- inch open hole complet ion ex is ts  f rom 5 to  134 feet .  Dr i l l ing
of a larger diameter hole at greater depth was precluded by the
inabi l i ty  o f  a  larger  dr i l l  r ig  to  mobi l ize underground.

After dri l l ing, each hole was surged with air to remove f ines
that had accumulated in the ho1es. Surging continued unti l  the
water  d ischarg ing f rom the holes was v is ib ly  c lear .  A cap was
placed over the surface casing to al low closure of each well when
not  in  use.

Construction and init ial sampling of the underground
rnon i to r i ng  we l l s  was  comp le ted  i n  June ,  1989  .
Lithologic/completion logs of the wells have been submitted to DOGM
along with the results of analyses of the f irst samples collected
from the wel1s. An interpretation of the hydrogeology of the Star
Point  aqui fer  beneath the mine appears in  Sect ion 7.24.L.

Water-level measurernents and water-quali ty samples wil l  be
collected frorn the monitoring wel1s on a quarterly basis fol lowing
completion. During the f irst two years fol lowing completion of the
in - rn ine  we l l s  and  i n  the  yea rs  1990 ,  L995 ,  2000  and  i n  S -yea r
intervals thereafter, during the operational period of the mine,
water-quali ty samples collected from all  wells wil l  be analyzed
according to the l ist provided in Table 7-4. Monitoring wil l
continue according to this schedule in accessible wells unti l  two
years after the completion of surface reclamation activit ies.

Each monitoring wetl wil l  be pumped prior to sampling to purge
it of stagnant water standing in the hole. In the case of M-1,
purging wil l  be accomplished using a submersible pump. A bladder
pump wil l  be used for purging MW-2.

In each case, purging wil l  continue unti l  at least 3 t irnes the
volume of water standing in the well has been pumped. Samples wil l
be collected directly from the discharge l ine of the pump. Samples
wil l  be preserved and stored. in accordance with U.S. Environmental
Protection Agency guidelines.

Groundwater monitoring data col lected from the area wil l  be
subrnitted to DOGM on a quarterly basis. on an annual basis, a
report wil l  be submitted to DOGM summarizing al l  data col lected
during the year and containing an analysis of the mine water
balance,  account ing for  mine in f lows,  out f lows,  consumpt ive uses,
and sump storage

After the completion of rnj-ning activit ies and during the post-
mining/reclamation period, water-Ievel and quali ty samples wil l  be
collected annually from the d.esignated springs and Mhl-1 unti l  the
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fo l lowing rec lamat ion.  Samples wi I I  be co l lected dur ing the la t ter
port ion of the summer to represent low-flow condit ions. Samples
thus collected wil l  be analyzed for the parameters l isted in Table
7-4. A report wil l  be subrnitted to DOGM on an annual basis
sumrnarizing the results and assessing mining impacts and systen
recovery since mining ceased.

7.3L.22 Sur face l [a ter  Moni tor ing PIan

Two 36- inch Parshal l  f lumes were insta l led in  Ju ly  L985 on
Crandall Creek (one upstream from the surface faci l i t ies and one
downstream: see Plate 7-7) .  A 12- inch Parshal l  f lume has been
insta l led in  Bl ind Canyon to moni tor  poss ib le  ef fects  of  min ing in
State Lease ML-21-569. These f lumes are equipped with Stevens Type-
F water-Ievel recorders to al low the collection of continuous f low
data. Charts wil l  be changed and the f lurnes inspected on a monthly
bas i s .

Water quali ty samples wil l  be collected from the f lume
locations quirterl-y, and- analyzed according to the l ist contained
in Table l -9 .  tn  Lhe years f -ggO, L995,  2OOO and every f i f th  y?af
thereafter the sanrpl6s col lected. during the lovi-f low period
(normally fourth quaiter) wil l  be analyzed according to Table 7-9.
AII samples wil l  be analyzed for total and dissolved constituents
according to the indicated l ists. Sarnpling and analysis wil l  .be
conductei quarterly unti l  the surface areas are reclaimed, dt which
time sanpling wil l  be conducted. semiannually unti l  the surety bond
is releised.. for perennial streams, those samples wil l  be
collected during high-f low (normalIy second quarter) and low-flow
(normally fourth quarter) periods. Discharges from the
sedimentation pond witf be analyzed in accordance with the NPDES
permit for the faci l i ty.

Stream flow observations made during dri l l ing operations as
well as seep and. springr surveys suggest that }arge port ions of the
south fork of Horle Creek, Blind Creek, and both the north and
south forks of Crandall Creek have only ephemeral and intermittent
f lows within State Leases ML-2L568 and ML-21569. P1ates 5-2A and
5-2B show the points of transit ion between perennial and
intermittent f low.

Stream channel monitoring stations have been established' along
both the north and south forks of Crandall  Creek, Blind Creek, and
the south branch of Horse Creek to determine what stream reaches
exhibit perennial flow. Stream flow and water temperature_ were
measured twice monthly from May through JuIy, and nonthly during
the remainder of lgtL when the area was accessible. Stream
monitoring results are found. in Table 7-6a. Stream monitoring was
again don5 on September 28,  Lgg2.  These resul ts  are a lso } is ted in
Table 7-6A. Stream monitoring ceased at the end of t992 and a
determination of what stream reiches exhibit perennial f low has yet

terminat ion of  bonding. In- rn ine weI Is  wi I I  be inaccessib le
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to  be made.

In ant ic ipat ion of  obta in ing addi t ional  coal  lease areas
through Lease By Appl icat ion No.  g,  a  f lume was insta l led in  Ind ian
Creek ( in  Joes Val1ey) .  The locat ion of  th is  f lume is  depic ted on
P la te  7 -7 .

When f lumes or other monitoring devices are no 1onger
required, they vri1l be removed and the affected areas wil l  be
restored.

No retreat mining wil l  be conducted within the stream channel
buffer zones of both the south and north forks of Crandall  Creek,
Blind Creek, and the south fork of Horse Creek unti l  Genwal has
shown what reaches of these streams are perennial, and that these
reaches wil l  not be adversely affected by nining activity.

Surface-water monitoring data wil l  be submitted to DOGM on a
quarterly basis. At the end of each calendar year, dn annual
sunmary wil l  be submitted. This annual summary wil l  analyze and
describe variat ions in f lows and quali ty during the year and wil l
include tables, graphs, hydrographs, etc. as appropriate.

Due to the close proximity of the sedimentation pond to
Crandal l  Creek,  the p iezometer  insta l led in  the dam (see P1ate 7-4)
wil l  be monitored on a quarterly basis to reduce the l ikel ihood of
a potent ia l  dam fa i lure.

Water-leve1 measurements wil l  be collected from the piezometer
irnrnediately prior to and fol lowing ful l-scale clean out of the
sedimentation pond. If  the pre- and post-cleaning water Ievels
vary by less than 0.5 foot, monitoring fol lowing clean out wiII
occur on a weekly basis for a period of one monLh. If  signif icant
changes are not noted during this one-month period (as determined
in consultation with DocM), the monitoring frequency wil l  return to
a quarterly interval. Tf signif icant water-level changes are noted
during the post-clean out weekly monitoring period or i f  there is
other evidence to indicate itrat the embankment is rapidly
saturating, Genwal wil l  noti fy DOGM within a 14-day period of the
water-IeveI changes and wil l  rnutually agree upon addit ional
monitoring requirernents.

The s lope-stabi l i ty  analys is  presented, in  Appendix '7  -6 assumed
that the water level at the location of the piezometer (Section B-
B' )  was at  an e levat ion of  7764 feet  (20 feet  be low the sur face of
the embankment at the piezometer). Under these condit ions, the daro
was shown to be stable. I f  the water leve1 in the piezometer r ises
above this elevation, water wil l  be immediately withdrawn from the
pond. If  available data indicate that the water in the pond meets
the ef f luent  I i rn i ta t ions conta ined in  R514-30L-751 and any
applicable NPDES permits, this water wil l  be pumped directly to
Crandall creek. Any direct discharges wil l  be monitored at the
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beginning and-end of pumping from the pond. The pump inret wirr be
placed on a f loating spring to avoid. 

-pul1ing 
exde=i sediment into

fh: discharge table during pumping. 
- 

watef wilr be purnped from
below the water surface t,o avoid introduction of bir- to the
discharge water .

rf the pond requires rapid dewatering and the quali ty of the
water is such that i t  cannol be dischargld directl 'y to cran6a1l
creek, the water wil l  be pumped into sumps contl ined in the
underground workings. These sumps are constructed large enough to
provide f or storage of the surf ace water. once the water :-r i  tne
underground sumps is of suff icient quali ty to meet the eff luent
l in i ta t ions of  any appr icabre NpDEs permi is ,  the water  wi l r  be
discharged to crandall  creek. Genwal is c,rrrently reviewing in"it
exist ing NPDES perrnit to determine if  a new or reir ised permit wil l
be required to discharge water from the sedirnentation pond. to the
underg:round workings and thence to the creek.

During the post-operational period, surface-water data wiII be
collected from the upper and lower stations shown in plate 7-7 and
the inf low to the seainentation pond as indicated, on plate 5-16.
Flow data wil l  be collected continuously from the f lumes at the
upper and lower Crandall  Creek stations ana twice annually (d.uring
the.high- and low-flow seasons) frorn the sedirnentation poird. ' inf lo#
dy|]"g the post-mining period.. '  rn addit ion, water-quatity samples
wil l  be collected froln Lach station during the high-- and- low-f low
seasons fo l lowing rn in ing.  These samples * i t f  Ue ina lyzed for  the
parameters l is ted in  Table 7-8.  bata thus co l lec led wi l l  be
subrnitted to DOGM on a quarterly basis.

the post-mining reports wil l  contain not only the laboratory
and f ield data but alJo an assessment of current impacts froir
rnining on surface-water systems and the amount of recovLry of the
system since miniag. Surface-water monitoring fol lowin! rnining
will continue until- the termination of the uonding period-.

7.31.3 Acid-  and Toxic-  Forming Mater ia ls

As d iscussed in  sect ion 5.29.30,  waste rock is  not  prod.uced
during mining operations. When incidental quantit ies of rock are
encountered, ttre rock is left in the mine ana witt not be removed
at any t ime in the futurei thus, no negative effects are expected
frorn the acid-forming potential of strata which overl iL and
underl ie the Hiawatha seim. However, to further characterize the
acid-forming potential of strata irnnrediately above and below the
Hiawatha seam, the applicant wil l  col lect add.it ional roof- and
floor-rock samples from three equally spaced locations within the
current mine workings (including the stl te lease and right-of-way
areas) - Analyt ical results from these three sets of samples wil l
be used to evaluate the need for addit ional sanpling to a-dequately
characterize the acid-forming potential of the strata.
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The presence of acid- or toxic- forming materials wil l  be
determined by testing as described in the Soils Section, Chapter 2.
If  such rnaterial is identif ied, i t  wil l  be stored in an enclosed
area (i .e. dumpster) or within a containrnent (berned) area unti l
such t ime as it  can be disposed of or buried. Any such material
buried on site wiII  be placed beneath a minimum of 4, of suitable
mater ia l  in  accordance wi th  requi rements of  R645-301-553.300 as
desc r ibed  i n  Chap te r  5 ,  See t i on  5 .53 .3 .

7 .3L .4  T rans fe r  o f  l t e l l s

Before f ina l  re lease of  bond,  exploratory or  moni tor ing wel ls
wil l  be sealed in a safe and environmental ly sound manner in
acco rdance  w i th  Sec t i ons  7 .38  and  7 .65 .

7 .31 .5  D i scha rges

The Applieant wil l  not discharge into the underground mine,
unless specif ical ly approved by the Division and/or meets the
approval of MSHA. Discharges wil l  be l irnited to the fol lowing:

1.  Water
2.  CoaI  processing waste
3.  F ' ly  ash f rom a coal - f i red fac i l i ty
4. Sludge from an acid-mine-drainage treatment faci l i ty
5.  F lue-gas desul fur izat ion s ludge
6. Inert materials used for stabil izing underground mines
7. Underground development waste.

7 .3L.5.  1  Grav i ty  Discharges

The angle at which the coal bed is incl ined from the
horizontal (dip) prevents any gravity discharge of water from the
surface entries.

7 .31 .6  S t rean  Bu f fe r  Zones

The entire permit area is drained by epherneral rrstreamsrr I
however, port ions of the road and sediment pond outslopes l ie
within 100 of Crandall  Creek, a perennial stream. The stream is
protected along these areas by the use of revegetation, si l t  fences
and/or straw bales, and the placement of buffer zone signs. The
buffer zone signs designate the area beyond which no disturbance
sha1l  take p lace.

7.3L.7 Cross Sect ions and Maps

Cross  sec t i ons  and  maps ,  as  requ i red  fo r  R545-301-731 .700 ,  a re
presented within this application.
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Table 7-8.  Abbrev iated sur face water  analys is  l is t .

Field Measurements:

Water level or f low
pH
Specif ic conductance (unhos/cm)
Temperature ( .C)
Dissolved oxygen (ppn)

Laboratory Measurements :

Tota l  d issolved so l ids
Total suspended solids
Tota l  set t leable so l ids
Tota l  hardness (as CaCOr)
Acid i ty  as (caCO3)
Bicarbonate (as HCO,)

Carbonate (as COr)
Calciurn (as Ca)
Ch lo r i de  (as  c1 )
Dissolved i ron (as Fe)
Tota l  i ron as ( fe)
Magnesium (as Mg)

Manganese (as Mn)
Potass ium (as K)
Sodium (as Na)
Sulfate (as SO4)
OiI and Grease
Cation - Anion balance
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Table 7-9.  Extended sur face water  analvs is  l is t .

Field Measurements:
F low
pH
Specif ic conductance (urnhos/cm)
Temperature ( "C)
Dissolved oxygen (ppn)

Laboratory Measurenents:
Tota l  d issolved so l ids
Total suspended solids
Tota1 set t leable so l ids
Tota l  hardness (as CaCO.)
Acid i ty  as (CaCo3)
Alurninum (as AI)
Arsenj -c  (as As)
Bar ium (as Ba)
Bicarbonate (as HCO,)
Boron (as B)
Carbonate (as COr)

Cadmium (as Cd)
Calc ium (as Ca)
Chlor ide (as C1)
Chromiurn (as Cr)
Copper (as Cu)
Fluor ide (as F)
Dissolved i ron (as F)
Tota l  i ron as (Fe)
Lead (as Pb)
Magnesium (as Mg)
Manganese (as Mn)

Mercury (as Hg)
Molybdenum (as Mo)
N icke1  (as  N i )
Nitrogen-Ammonia (as NHr)
Ni t r i te  (as NOr)
Nitrate (as NOr)
Potass ium (as K)
Phosphate (as POn)
Selenium (as Se)
Sodium (as Na)

Sul fa te (as SOn)
Su l f i de  (as  s )
Zine (as Zn)
Oi I  and Grease
Cation - Anion balance
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7.31.8 water  Rights  and Replacement

In the event that the rnonitoring program identifies an impact
to the water source in the permit and adjacent areas, the
replacement of water r ights wil l  be addressed as described in
Sec t i on  7 .27  o f  t h i s  app l i ca t i on .

7 . 3 2 Sedinent Control Measures

The sediment control measures for the Crandall  Canyon Mine
operat ions are d iscussed.  in  Sect ion 7.42 of  th is  appl icat ion.  This
includes design, operation and maintenance of appticable si l tat ion
structures, sedimentation pond, diversions, and road drainage, as
required.

7 . 3 3 Impoundments

There are no permanent irnpoundments associated with the
Applicant's operations. Temporary impoundments of water col lected
for runoff control will occur in the sediment ponds and containment
berms. The design of these structures is presented in Section 7.42
and  7 .43  o f  t h i s  app l i ca t i on .

7 . 3 4 Discharge Structures

Discharge from the sediment ponds wil l  be conveyed by a CMP
culvert and an open channel acting as the principal and emergency
spil lways. The outlets of these spil lways wil l  be protected by
r iprap.  This  des ign wi l l  comply wi th  the requi rements of  R645-30L-
7  44 .

7 . 3 5 Disposal  o f  Excess Spoi l

No signif icant excess spoil  wil l  be developed by the
underground mine. The only anticipated spoil  wil l  be from
materials col lected in the sed.iment ponds. This l irnited volume of
material will be removed from the ponds and transported to an
approved refuse disposal site. In the event spoil  is generated
during rnining operations, this too wil l  be transported to an
approved refuse d isposal  s i te .

7 . 3 6 Coal Mine Waste

Any refuse wil l  be disposed of in accordance with the designs
presented in  Chapter  5 and Sect ion 7.46 of  th is  appl icat ion.

7 .37 Noncoal Mine Waste

waste wi l l  be s tored and f ina l  d isposal  o f
cornply  wi th  R645-3 OL-7 47 .

Noncoal mine
noncoal  waste wi l l
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7 . 3 8 Temporary Casing and Sealing of l{el ls

Each well which has been identif ied in the approved permit
application to be used to monitor ground water condit ions wil l
comply wi th  R645-3OL-748 and be temporar i ly  sealed before use.
Dri l l ing and Sealing of such wells wil l  be done according to the
procedure descr ibed in  Chapter  6,  Sect ion 6.4L.

7  . 4 0

7  . 4 L

Design Criteria and Plans

General Requirenents

The runoff control plans for the Crandall  Canyon Mine
faci l i t ies includes the diversion of the undisturbed runoff frorn
areas contributing to the faci l i t ies, the collection of al l  runoff
from disturbed areas associated. with the sites and the containment
and treatment of this d.isturbed runoff through the use of sediment
ponds, strawbales, si l t  fence, r iprap, mulches and revegretation.
Plans for these activit ies are presented and discussed in the
fo l lowing sect ions.

7  . 4 2 Sediment Control Measures

7 .42.LO Genera l  Requi renents

Appropriate sediment control
constructed and maintained using
avai lab le to :

measures wil l  be designed,
the best technologY currentlY

1. Prevent, to the extent possible, addit ional contributions
of sed.iment to stream flow or to runoff outside the
permit area.

2.  Meet  the ef f luent  l in i ta t ions under  R645-301-751-

3.  Min imize eros ion to  the extent  poss ib le .

Sedinent control measures include practices carried out wit 'hin
and adjacent to the disturbed area. The sedinentation storage
capacity of practices in and downstream from the disturbed areas
wilf  rei lect the degree to which successful nining and reclamation
techniques are applied. to reduce erosion and control sediment.
Sediment control measures consist of the uti l ization of proper
mining and reclamation rnethod.s and sediment control practices,
singly or in combination.

Sediment control methods include, but are not l imited to:

1. Retaining sediment within disturbed areasi

2. Divert ing runoff away from disturbed areasl

05 lL2 le3 7 - 4 2



3.  Diver t ing runof f  us ing protected channels  or  p ipes
through disturbed areas so as not to cause addit ional
eros ionl
Using straw dikes, r iprap, check dams, mulches,
vegetative sediment f i l ters, dugout ponds and other
measures that reduce overland f low velocit ies, reduce
runoff volumes or trap sedimentl

Treat ing wi th  chemicals /pav ing;

6. For the purposes of UNDERGROUND COAL MINING AND
RECLAMATION ACTIVITIES, treating mine drainage in
underground sumps.

7 .42 .20  S i l t a t i on  S t ruc tu res

7.42.2L Genera l  Requi rements

Addit ional contributions of suspended solids and sediment to
stream flow or runoff outside the permit area wil l  be prevented to
the extent possible using the best technology currently available.

Snal l  Area Exempt ions (S.A.E.  Areas)

Small-area exemptions are requested for the seven areas shown
on Plate 7- t6  and Plate 2-3.  SAE-I -  (wi th  a sur face area of  0 .02
acre) is the outslope of the access road to the administration pad
of the western end of the surface faeil i t ies as well as to proposed
U.S. Forest Service faci l i t ies to be located upstream from the rnine
faci l i t ies. Runoff from this area cannot feasibly drain to the
sedimentation pond without excessive disturbances adjacent to
Crandall Creek.

Runoff wil l  occur from SAE-I as sheet f low toward Cranda1l
Creek.  The area was rec la i rned as out l ined in  Sect ion 5 l -5 .300 for
contemporaneous reclamation. Reclamation commenced during the
autumn 1986 immediately following completion of construction
associated with the area. Maintenance of the revegetation effort
wi l l  occur  as out l ined in  Sect ion 525.300.  I rnmediate ly  fo l lowing
revegetation, a straw-bale dike was instal led along the entire toe
of SAE-1 to control sedinent yields from the area prior to
effective establishment of the vegetation. This has since been
replaced with a si l t  fence in areas where the width of- the
revegetated section is less than 5 feet.

Calculations required to determine the effectiveness of the
vegetation in control l ing sediment yield from SAE-1 are contained
in Appendix 7-9. According to these calculations, with the lower
five feet of the reclaimed area acting as a grass f i l ter, the peak
suspended sediment concentration yielded by SAE-I during the 10-
year ,  24-hour  s torm is  12 mi l l igrams per  l i ter .  This  va lue is  less

4 .

5 .
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than the f luent concentration for total suspended solids required
by regulat ion.

sAE-2 (consis t ing of  0 .34 acre)  ex is ts  at  the nor thwest
corner of the site- This area was init . ial ly constructed as asubstation pad and associated access road.. Because the substation
has not been instal led and may not be instal led in the future, sAE-
2 wi l l  be rec la imed-  of  the to ta l  area,  0 .15 acre received f ina l
reclamation treatment and o.L9 acre received contemporaneous
rec lamat ion t reatment  (see chapter  5,  p la te 7-L6 and pra le 7-5c) .
An addi t ional  area of  o .9o acre of  undis turbed area dra ins onio
SAE-2 from above

Site drainage could be constructed. to cause this area to drain
to the sedimentation pond. However, enlargement of the pond to
accept runoff from this area would be feasible only i f  a tulvert
was instal led in Crandall  Creek. The result ing aarnJge to crandall
creek ( i .e- ,  removar  of  r ipar ian vegetat ionr-  ar te ia t ion of  the
channer  cross sect ion,  e tc . )  for  the so le purpose of  sediment
contro l  is  not  considered just i f iab le.

sAE-2 was reclaimed (contemporaneous and f inal) as outl ined in
Sect ion 525-300.  A sediment  t r ip  was insta l led aL the downstream
end of this area to control sedirn-ent yield. This trap uti l izes the
maximum space available and has a su-rf."e area of :-so square feet
(10 feet  by 15 feet ) .  A l -2- inch CMP culver t  was insta l led to  act
?= ? spiI lway. This culvert d. ischarge into uD-l-. Detai ls of the
design of the sediment trap are conti inea in Appendix 7-9.

The effectiveness of the sed.iment trap was modeled. using
sEDrMoT Ir. Results of these analyses are conlained in Append.ix zl
9.^ According to this inforrnationf the peak ef f  luent conl6ntration
9{ suspended sedirnent from the trap wiff be 2gg8 mil l igrams per
l i ter. Although this concentratiori  is greater than the standard
contained in the R645 rules, i t  is sig-nit icantly less than the
influent suspended sed.iment eoncentration fronr the undisturbed. area
that  dra ins to  the t rap (L7,320 rn i r l igrams per  l i ter ) .  Thus the
net effect is to decrease suspend.ed seaimeni concentrations from
the area below that which woul-d naturalry occur.

As an option for further reducing eff luent sed.iment
concentrations, the possibi l i ty of ad.ding si l t  fences to the
sediment trap was examined. eaaing si l t  fences to act as baff les
within the trap (thus increasing tf ie f low path and decreasint irr-
dead space in the .trap) did nbt signif i iantly reduce the peak
eff luent concentration. Adding si l t-fLnce materiaL to the inlet, of
the outf low culvert would increase detention t ime in the trap but
wog]d signif icantty reduce the hydraulic effectiveness of the
spil lway, thus. increasing the poten€ial for overtopping of the trap
lnd. subsequent downstream erosion. Thus, the i6ainent trap al
designed was considered to be the best option for control of sAE-z.
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SAE-3  cons i s t s  o f  a  sma l l  a rea  (0 .32  ac re )  on  the  sou th  s ide
of  the U.S.  Forest  Serv ice access road that  has served in  the past
as the materials storage/off ice pad. The northern port ion of this
area was reclaimed using f inal reclamation techniques outl ined in
Sect ion 3.5 (see Plate 7-5C).  A berm of  boulders was p laced
between SAE-3 and the road to prevent access to the reclained area.
A straw-bale dike (Figure 7-1-1) was instal led along the southern
port ion of the reclairned area to serve as a sediment-control device
prior to effective revegetation.

The southern port ion of SAE-3 consists of boulders pi led
against the outslope of the pad. These boulders were blasted from
the s i te  h igh waI I  dur ing in i t ia l  const ruct ion.  Due to potent ia l
stabil i ty problems that rnight be created by removal and the
diff iculty of removing these boulders from the outslope, this slope
wil l  remain unre,clairned.

The effectiveness of the reclamation activit ies l tas modeled
using SEDIMOT II.  Results of these calculations are contained in
Appendix 7-9. According to this appendix, the peak eff luent
suspended sediment concentration from SAE-3 during the l0-year, 24-
hour storm is 2 rni l l igrams per l i ter. This concentration is within
the standards established by the R645 ru1es.

SAE-4 consis ts  of  a  0.14 acre area on the outs lope (south
s ide)  of  the U.S.  Forest  Serv ice road between SAE-1 and SAE-3.
Periodic grading and maintenance of the access road results in
fresh soil  occasionally being deposited on the outslope, l imit ing
the potential for the outslopes to be contemporaneously reclaimed.
Thus, because the area does not report to the sedimentation pond,
alternate sediment control wil l  be provided.

Sedimentation control in SAE-4 wil l  be provided by instal l ing
a si l t  fence along the entire length of the toe of the road
outslope. The si l t  fence wil l  be instal led in accordance with
Figure 7-12.  The s i l t  fence wi l l  be per iod ica l ly  inspected and
repaired as required to ensure that i ts integrity is maintaj-ned.

SAE-5, SAE-5, and SAE-7 consist of the topsoil  stockpiles that
are located on the south side of the access road east of the mine
si te  in  the areas ind icated. in  F igure 7-L2.  Sae-6 and SAE-7 a lso
include small gravel stockpiles used for rnaintenance of the access
road. Disturbed areas associated with the topsoil /gravel small-
a rea  exempt ions  a re  0 .20  ac re ,  O .22  ac re ,  and  0 .62  ac re  fo r  SAE-S ,
SAE-6,  and SAE-7,  respect ive ly .

Sedimentation control for SAE-S, SAE-6, and SAE-7 wiII be
provided by instal l ing straw-bale dikes around the perimeter of
each disturbed area. These dikes wil l  be instal led in accordance
wi th F igure 7-11.  The d ikes wi l l  be per iod ica l ly  inspected and
repaired as required to ensure that their integrity is maintained.
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sAE-8 consists of the Forest Service parking area west of the
mine sur face fac i l i t ies (see prate 7-L6) .  This  park ing area was
constructed by Genwal for the Forest Service during the latest
surface expansion. Although it  is not part of the surface
faci l i t ies, i t  is a disturbed area within the permit bound.aries.
Sedirnentation control wil1, therefore be provid-ed. The d.isturbed.
area associated wi th  SAE-8 is  O.L1 acre.

sedirnentation contror for sAE-g wirl  be provid.ed. by a sirt
fence instal led in accordance with Figure 7-L2 between the parking
area and Crandal l  Creek.  The s i l t  fence wi l l  be per iod ica l ly
inspected and repaired as required. to ensure that i ts integrity is
maintained.

7 .42 .22  Sed imen ta t i on  pond

Design Criteria

Watershed boundaries used to determine runoff condit ions at
the site are shown on Ptate 7-3. Data obtained from these
watersheds were input to a computer code developed by Hawkins and
Marshall  (L979 ) to generate runoff hydrographs for the LO-year, 24
-hour storm required for designing various faci l i t ies. Inf low
hydrographs to and outflow hydrographs from the sedimentation pond
were developed for the 2S-year, 24-hour storm using the hydrology
and sedimento logy nod.e l  SEDIMoT I I  (Warner  et  a I . ,  lgeO; Wi t -son -L
aI . ,  1980) .  Both of  these codes model  runof f  us ing the ra in fa l l -
runoff function and tr iangular unit hydrograph of the U.S. Soil
Conservation Service (Lg72i

Accord ing to  the U.S.  Soi l  Conservat ion Serv ice (1972) ,  the
algebraic and hydrologic relations between storm rainfal l ,  soi l
moisture storage, and runoff can be expressed by the equations,

and

where

(P -O .2S)
Q  :  P+O-8S

1000
s -  cN  10

Q : direct runoff volume (inches)
S : watershed storage factor ( inches)
P :  ra in fa l l  depth ( inches)

CN : runoff curve number (dinrensionless)

(7 -L)

(7  -2 )

It should be noted that (a) Equation (7-L) is val id only for
P>=0 .25  (o the rw ise  Q=O) .  (b )  Equa t ion  (7 -2 ) ,  dS  s ta ted ,  i s  i n
inches, with ttre values of 1OOO and 10 carrying the dimensions of
inches, although rnetric conversions are possible, and (c) cN is
only a convenient transformation of S to establish a scale of 0 to
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L00 and has no itrtr insic meaning.

The averag:e curve number for undisturbed areas hras obtained
from the curves presented in Figure 7-3 using measured. cover
densit ies as reported in chapter 3 of the permit Application
Package for the northern half of lease area SL 062648- l formerly
referred to as Tract 2). A curve number of 69 tras thus obtained
for the undisturbed areas, assuming a hydrorogic soir group of c.

The curve number for disturbed and reclaimed areas was chosen
from professional judgernent and tabulated. values presented. by the
u.s.  so i l  conservat ion serv ice ( ] -972) .  Accord ingLy,  a  varue of  90
was used for the pad and road areas. For reclairned areas within
the disturbed area, a curve number of 75 was assumed.

The translation of the runoff depth to an outflow hydrograph
is accomplished in the codes using the tr iangular unit hydrograph
of  the U.S.  Soi I  Conservat ion Serv ice ( l '972) .  This  uni t  hydrograph
is shown in Figure 7-4 along with a typical curvi l inear hydrograph.
rt is characte,r ized,by i ts t ime to peak (Tr) r recession t ime (T,) ,
time of the base (Tb) and the relations b6tween these parameters
( i .e . ,  T.=1 .67Toi  ! t=2.67T")  .  Thus,  f rom the geometry  of  a  t r iangle,
the incrernental runoff (O) can be defined by the equation. .

q p =

( 2 . 6 7 T p )  ( c r p )
2

0 . 7 5  0

( 7 - 3 3 )

( 7  - 4 )

where gp = peak flow rate (dirnensioned according to e and T)
and other parameters have been previously defined.

When Q is expressed in inches and To in hours, qo wil l  be in
inches per hour. The flow at any tirne O<tcT. may be dbtermined by
simple linear proportioning of the triangular unit hydrograph. The
time to peak is related to the farni l iar expression t irne of
concentration (T") by the equation.

T "+ t=1 .71n  (7 -5 )

in which the factor L.7 is an ernpir ical f inding cited by the u.s.
So i l  Conse rva t i on  Serv i ce  ( t972 ) .

The time of concentration may be estimated by several
formulas. For this report, T. was determined from the fol lowing
equat ions (U.S.  Soi l  Conservat ion Serv ice,  J972) .
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{ 0 .8 o.7
L-

( 7  - 6 )

( 7 - 7 'and

where

( 7 - 8 )

(7  -e)

where V = velocity (feet per second.)
R = hydraulic radius (feet)
S = hydraulic slope (feet per foot)
n = roughness coeff icient
Q = disiharge (cubic feet per second)
A = f low area (square feet )

Values of the roughness coeff icient required. for the solution
of Equation (7-8) were obtained. by comparing loca1 cond.it ions with
tabulated values provided by the U.s: Soit Conservation Service
(1956) .  An empir ica l  formula developed by Anderson et  a l .  (1970)
was used to d.etermine the roughness coeff icient for r iprap l inings.

calculations with Equations (7 -g) and (7 ..g) were perf orrned
using an int'eractive cornputer code entitled triapr-as obtained frorn
the u.s. off ice of surface Mining and outl ined by weid.er et ar.
(1983) .  This  code was used to determine f low condi t ions in  the
diversion channel at the design f low rate.

The sedimentation pond at the d,ownstream edge of the site has
begn designed.with a primary and emerglency spit lway. The primary
spillway consists of a cMp riser and pipe through the emblnkrnenl
while the emergiency spil lway consists-oi a r ipripped overf low at
the corner of the embankment.

( s+1)
19oO Y0.5

T "  =  L . 6 7 L

t - . 4 8 6 R  0 . 6 7 s  0 . 5 0
! :  n

Q = A V

L = watershed lag (hours)
{ '  = hydraulic length of the watershed, or d.istance arong

the main channel to the watershed divide (feet)
S = watershed storage factor defined in Equation (2)
Y = average watershed slope (percent)

T. = t ime of concentration 
-(hoirrs)

Diversions were designed to convey runoff from an undisturbed
area ?way from the disturbed site using the Manning and continuity
equat ions:
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At low heads, the hydraulic capacity of the primary spi l lway
behaves as a wei r .  Accord ing to  Bar f ie ld  et  a I .  (1981) ,  the
equation for weir-control led f low is

Q = CLHI'5

where Q = discharge (cubic feet per second)
C :  wei r  coef f ic ient
L = Iength of the weir (feet)
H = depth of water above the weir crest (feet)

( 7 -10 )

A value of  the wei r  coef f ic ient  equal  to  3.1 was se l -ected
since the structure wil l  act as a broad-crested weir (Barf ie1d et
d1. ,  L981) .  The length of  the wei r  is  equal  to  the c i reumference
of the CMP riser.

As the depth of water increases above the riser, the r iser
acts  l ike an or i f ice.  The equat ion for  or i f ice f low is  (Bar f ie ld
e t  a I . ,  1981 )

e  =  cA(2 rH)o ' t

where C = or i f ice coef f ic ient
A = cross-sectional area of the
g = gravitat ional constant (feet

(7 -11 )

inlet (square feet)
per second squared)

and other parameters have been previously defined. A value of 0.60
was selected for the orif ice coeff icient based on guidelines
p resen ted  by  Bar f i e ld  e t  a I .  ( L981) .

Pipe f low occurs when the head increases suff iciently to cause
the outlet of the diseharge pipe leading from the riser to f low
fulI.  The discharge capacity of the culverts under pipe f low
conditions !,/as determined using the equation,

Q : A (2r' ) 
o'57 

1t+K"+Kb+K.L) 
o'5

where Ht = head on the pipe (feet)
K" = entrance loss coeff icient
Ku = bend loss coeff icient
K. = fr ict ion loss coeff icient

(7 - t 2 )

and al1 other parameters have been previously defined. Values of
1 .0 .  0 .5 ,  and  0 .062  were  used  fo r  K , ,  Ko ,  and  K" ,  respec t i ve l y  based
on in format ion prov ided by Bar f ie ld  et  a1.  ( l -981-) .

The d.ischarge capacity of the emergency spillway was
determined. using a method developed by the U.S. Soil  Conservation
Serv ice (1968)  and expanded.  by Bar f ie ld  et  a I .  (1981)  for  broad-
crested weirs. According to this methodology, the crit ical
specif ic energy head (H*) is determined for selected values of the
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energy head of water in the pond (H") from Figure 7-5. The
discharge capacity of the spil lway is then calculated for the
standard 1Oo-foot wide rectangular section from the equation,

where q =
!=
z :

g .  =  ( 0 . s44 )  ( go ' t )  (H . " t ' 5 (1oo ) (  7 -13  )

where g, = discharge for standard 10o-foot rectangular section
(cubic feet per second)

and al l  other parameters have been previously defined. The f low is
then corrected for a trapezoidal section using the equation

q :  ( [1 .sb  +  zH.* f  lLso)  (e , ) ( 7  - L 4 )

corrected discharge (cubic feet per second)
bottom width of channel (feet)
channel side slope (run over r ise - dimensionless)

The hydraulics of the spil lway system was determined by
assuming the pond. was dewatered to the top of the sediment storage
leve1 prior to inf low from the 2S-year, 24-hour storm.

Stabil i ty Analyses

Due to space restr ict ions, the sediroent pond for the mine site
was designed with upstream and downstream slopes both equal to
2h :Lv .  S ince  UMC 817 .45 (m)  requ i res  a  comb ined  s lope  o f  5h :1v ,  a
stabil i ty analysis was conducted to ensure that the pond
embankment, as designed, would be stable.

The stability analysis was conducted using a microcomputer
version of the program entit led STABL2 (Siege1 '  L978). The
rnodif ied Bishop method was used to calculate the factor of safety
under both static and seismic condit ions. Stabil i ty l tas modeled
assuming both fuII and empty ponds, both with and without the
designed clay l iner functioning. Results of these analyses are
presented in this section and Appendix 7-6.

Runoff- and. Sedirnent-Control Facil i t ies

Results of analyses to determine the required size and
hydraulies of the sedirnentation pond are included in Appendix 7-4.
In sizing the pond., plans for future expansion of the surface
faci l i t ies at the Crandall  Canyon Mine were accounted for. Detai ls
of the sedimentation pond required for compliance with 30 CFR
77 .216-1  and  30  CFR 77 .2L6 -2  a re  con ta ined  i n  Append ix  7 -8 .

Runoff to the sedimentation pond frorn the L0-year, 24-hour
storrn was determined to be 0.68 acre- foot  (wi th  0.30 acre- foot
originating on reclairned, and undisturbed areas and 0.38 acre-foot
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originating on disturbed and ponded. areas). Required sediment
storage for  the pond was determined to be 0.31 acre- foot ,  inc lud ing
o.27 acre- foot  f rorn d is turbed areas and O.03 acre- foot  f rorn
undisturbed and reclaimed areas over a 3 year period. Hence, the
pond was designed wi th  a to ta l  s torage vo lune of  O.9g acre- foot .

Plate 7-4 presents detai ls of the sedinentation pond d.esign.
cross sectj.ons referred to on the prate are found. on prate z-a.
Based on the topographic rnap of the pond, the stage-capacity curve
provided in Figure 7-g was d.evelope-d. This stage-capacity curve
has taken account of the clay l iner and the gravel marker nbted. on
P la te  7 -4 .

As noted in Figure 7-9, the pond provides sediment storage to
an e levat ion of  7777.L feet  and to tar  s torag:e (sediment  p lus
runof f )  to  an e levat ion of  7782.6 feet .  Sediment  wi l l  be c leaned
out of the pond when it  reaches an elevation of 7775.5 feet at the
riser (the elevation corresponding to a volume of 60 percent of the
required sediment storagie volume). two steel stakes are placed at
the locations shown on Plate 7-4 to mark the sediment-clean-out
e leva t i on  o f  7775 .5  fee t .

Sedj-ment removed from the pond wil l  be init ial ly stored in the
location noted on Plate 5-3. Permanent disposal of the sediment
wi l l  be in  accordance wi th  Sect ion 535.

A previous riser in the sedimentation pond had an overf low
e leva t i on  o f  7779 .4  fee t  and  a  d .ecan t  e leva t i on  o f  7777 .L  fee t .
The decant  system was insta l led accord ing to  p la te 7-6 ( i .e . ,  a t
the top of the sediment storage level). A gate valve was instal led
as noted to al1ow manual draining of the pond. A }ocked cap was
placed over the access port to the gate valve to prevent
unauthorized entry. The key to this valve is kept at the Genwal
off ice in Huntington. Under no circumstances wilI  water be
discharged from the sedirnentation pond. to CrandalI Creek prior to
24 hours from the end of the runoff event to the pond.

Prior to any discharges through the decant system on the
sedimentation pond, a sample wil l  be collected to determine total
suspended sol ids,  set t leable so l ids,  to ta l  d issolved so l ids,  o i l
and grease, total iron, total manganese concentrations, and pH.
The sample wil l  be collected by opening the gate valve on the
dewatering device, al lowing water to f low from the pond through the
prinary spi l lway for a suff icient t ime to col lect a sarnple of the
water, and then irnmediately shutting the gate valve to prevent
further dewatering. This sample wil l  then be subnitted to a
Iaboratory for analyses of the indicated parameters.
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After  receipt  o f  analy t ica l  resul ts  f rom the laboratory,  i f
the pH and concentrat ions of  to ta l  suspended sol ids,  set t leable
so l i ds ,  t o ta l  d i sso l ved  so l i ds ,  o i l  and  g rease ,  t o ta l  i r on ,  and
total manganese are within the acceptabte l irnits established by IIMC
8L7.42 and the NPDES permit for the sedimentation pond, water wil l
be discharged from the pond through the dewatering device. If the
pararneters of concern are not within the acceptable l imitsr no
water wil l  be discharged through the device.

The sedimentation pond wil l  normally be dewatered directly to
Crandal l  Creek.  However ,  in  the event  of  an emergency (e.9. ,
runoff f lowing into the pond when it  is ful l  but the quali ty of
water in the pond is not suff icient to permit discharge to
Crandall Creek), the pond wiII be pumped to the underground sump in
the nine. No water wil l  be discharged from the sump to the surface
unless water in the sump is determined to meet the water-quality
standards of the NPDES perrnit.  This wil l  be determined by opening
the valve to the discharge l ine for a suff j-cient t irne to a1low
col lect ion of  a  sarnple at  the NPDES discharge point  ( i .e . ,  the
sedimentat ion pond out le t ) .  Th is  sample wi l l  l ikewise be analyzed
for the parameters of concern. If  the analyt ical results indicate
that the water is of adequate quali ty, i t  wil l  be discharged to the
surface. If  the water is not of adequate quali ty, i t  wil l  not be
discharged.

During discharge of water to Crandall  Creek from either the
sedimentation pond or the underground sump, samples of the water
wi}l  be collected at the discharge point at the beginning, middle,
and end of the discharge t ime. These samples wil l  be sent to a
laboratory fol lowing the discharge period for analyses of total
suspended sol ids,  set t leable so l ids,  to ta l  d issolved so l ids,  to ta l
iron, total manganese, oi1 and grease, and pH. Analytical results
wil l  be submitted to the Division within 10 working days of receipt
of these results from the laboratory.

The out f low point  on the r iser  was ra ised 3.2 feet  to  an
elevat ion of  7782.6 feet  ( the top of  the to ta l  s torage pool ) .  Th is
was accomplished with a section of 24-inch CMP clamped to the
exis t ing r iser .

During the spring of L989, leakage was noted through joints
located in the lower port ion of the sedimentation pond riser. This
leakage has caused a sl ight but continual discharge from the
sedimentation pond. To al leviate this leakage, the lower port ion
of the r iser and the exist ing barrel wil l  be plugged with cement.
A new barrel wil l  be instal led through and down the face of the
embankment. This r iser wil I  extend to CrandaII Creek, discharging
onto natural r iprap that exists at the toe of the darn. Detai ls of
the proposed alteration to the sedimentation pond prirnary spi l lway
are prov ided on Plates 7-6 and 7-5A.
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Resul ts  of  in f low and out f low analyses f rom the 25-year ,  24-
hour storm using sEDrMor rr are presented in Appendix 7-4. rt
should be noted that the sedinentology option of SEDIMOT II was
used during design only to permit routing of the hydrograph through
the pond. Howe.ver, since sediment contributions from the 25-yeai,
24-hour event are not of concern in design of the pond. lonl!
sedirnent yierd from the lo-year, 24-hour and smaller storms is o?
regulatory concern), the sediment inputs to the moder were
suppressed. Thus, the output from the program indicates sediment
concentrations of O mil l igrams per 1iter. Selected other outputs
contained in Appendix 7-4 associated with sediment yierd are,
therefore,  a lso meaningless.

It should also be noted that, although detention t imes shown
on the output  in  Appendix  7-4 are re la t ive ly  Iow (0.L5 hour) ,  these
t imes have no regulatory meaning for  a  25-year  event  ( i .e . ,
regulatory  concerns address only  the 1o-year  and smal ler  events) .
Again, the program was used primari ly for i ts spi l lway-design
capabil i t ies and not for dealing with the specif ics of sediment
yield and detention t imes from the 2S-year design event.

Uti l izing the combined hydraulics of the primary and proposed
emergency spil lwdys, the peak outf low stage aufing tnL zS-yLar, 24-
hour storm was calculated by SEDIMOT II as 6.0 feet above the
sediment storag:e level. Thus, the outf low elevation during the
design f low event was determined to be 7783.1- feet. The hydraulic
ef fects of the prirnary spi l lway rnodif ication are discussed in
Appendix  7-4.  The ef fect iveness of  energy d iss ipat ion of  the
discharge from the barrel of the spil lway to the creek are also
presented in  Appendix  7-4.

The.indicated overf low elevation during the design f low event
(e levat ion 7783. t  feet )  is  lower  than that  o f  the proposed
emergency spil lway, indicating that water wil l  not pass through the
emergency spil lway under design condit ions. Nonetheless, an
emergency spil lway was instal led at the request of the U.S. Forest
Service to provide a factor of safety and a bypass for water during
events larger than those for which the pond was designed.
Conservatively, the emergency spil lway crest was placed an
elevat ion of  7784.O.  As designed,  th is  sp i l lway has a bot tom width
o f  4 .0  fee t  and  s ide  s lopes  o f  2h :  I v .

As noted on Plate 7-4, the emergency spil lway wil l  discharge
onto the boulder-covered slope adjacent to the sedimentation pond.
Boulders that cover this slope were blasted from the cut above the
pond during construction of the mine-access road. Due to the large
size of the boulders, laboratory size-fraction analyses could not
be conducted. However, the boulders are visually estimated to
range in size up to at least 10 feet in diaineter. I t  is further
estimated that approximately 80 percent of the coarse rock on the
slope is f iner than 8 feet in diarneter, 30 percent is f iner than 5
feet in diameter, and 10 percent is f iner than 3 feet in diarneter.

os/ t2 /e3 7  - 6 0



The blasted rock has an approximate thickness of 15 Eo 20 feet
at the top of the slope and 5 to 6 feet at the bottom of the slope.
The soi l  that  under l ies the rock is  a  s i l ty  sand.  S ize- f ract ion
analyses presented by Del ta  Geotechnica l  Consul tants  ( l -982)
indicate that this soi l  is 70 percent sand and 3O percent si l t  and
clay (the latter being minus 200 rnesh) .

The emergency spil lway is } ined. with r iprap and. a f i l ter
blanket as noted. in Appendix 7-4 to reduce erosion potential.
Grading of the r iprap, f i l ter blanket, and embankment materials are
shown in Figure 7-l-0. Design of this f i l ter blanket is presented
in Appendix 7-4. The spil lway wil l  discharge directly onto the
boulder-cove,red slope. Due to the extreme thickness of the
boulde,rs and cobblei on the slope, addit ional erosion protection
below the emergency-spi1lway outf low wil l  not be required-

Since the emergency spil lway wil l  not be f lowing during the
design event, the regulations require only that the top of the
sett led embankrnent be 1.0 foot above the crest of the emergency
spil lway. This wiII  result in an embankrnent crest elevation of
7785.0 feet. The crest of the exist ing embankment was at an
elevat ion of  7783.O feet ,  the design requi red the addi t ion of  2 .O
feet of settled ernbankment to the top of the existing embankment.
No addit ional material wil l  be added, to account for sett lement'
since (a) the embankment is being raised 0.4 feet more than
required and (b) the existing embankment is assumed to have settled
previ-ously.

Wi th a crest  e levat ion of  7785.0 feet  and a base e levat ion of
777L.0 feet at the upstream toe, the embankment has a height of
14.0 feet. The required top width of the embankrnent is 9.8 feet.
An actual top width of 10.0 feet was constructed.

The existing pond was enlarged to meet the volume requirements
of this plan by removing excess f i l l  from the interior of the pold.
In addii ion, the upper t2 feet of the exterior of the exist ing
embankrnent !, /as recontoured to a slope of 2h:lv. Prior to
reeontouring the exterior sIope, al l  large rock fragirnents were
removed.

Al-1 new fi l l  required to raise the embankment was placed in 6-
inch l i f ts. This new fi l l  was compacted in place by repeated
passes of a front-end. loader or equivalent prior to placing !tt :
next I i f t .  Compaction continuea unli t  the density of the material
was at least 9O percent of Proctor density (as determined. by sand-
cone densi ty  tests  in  the f ie lds) .

Because of the location of the sedimentation pond on a
hiI lsid.e between the access road and Crandall Creek, insuff icient
space was available to perrnit construction of side slopes with -a
clmbined upstream and d.ownstream slope of 5h:lv and sti1l provide
the requirea storage capacity. Hence, the pond has been designed
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with 2h:Iv side slopes on both the upstream and downstream sides.

As included in the original design, the interior of the pond.
was l ined with a 12-inch thick rocai, compacted. clay to reduce
seepage from the pond and, thereby, increase the stabil i ty of the
embankment. The clay l iner was placed in 6-inch l i f ts and
compacted during placement by at least four passes of a frontend
loader or equivalent. The init ial layer was disk-harrowed into the
bottom of the pond prior to completion.

After pond cleanout, the thickness of the clay l iner wil l  be
sarnpled by means of a bucket auger at 8 locations. Three holes
wilI  be placed along the ingress/egiress route and f ive addit ional
holes wil l  be randornly selected from the remaining pond area. If
any of the holes penetrate less than 1O inches of c1ay, addit ional
clay wil l  be compacted into the d,eficient areas of the pond.

A11 new construction on the revised sedimentation pond was
supervised by a Professional Engineer who is l icensed in the State
of Utah. An init ial cert i f ication report was prepared and
cert i f ied by the supervisory PE for submission to DOGM fol lowing
completion of construction activit ies. Plate 7-4a shows as-buiIt
drawings of the pond and riser detai l .  Plate 7-6a shows as-buil t
cross sections through the pond. Appendix 7-l-O contains as-buil t
calculations for the sedimentation pond and the init ial
cert i f ication report. The init ial cert i f ication report previously
submitted to DOGM included:

o Exist ing and required
instrumentation

monitoring procedures and

o The design depth and elevation of any impounded waters at
the time of the report

o Existing storage capacity of the dam or embankment

o A d.iscussion of any f ires occurring in the construction
material up to the date of cert i f ication

o A discussion of any other aspects of the dam or
ernbankment affecting stability

Flow condit ions in Crandall  Creek adjacent to the
sedimentation pond were examined to determine if  f lood f lows may
erode the downstream toe (see Appendix 7-5). As noted, the peak
flow frorn the 100-year, 24-hour precipitat ion event wiII  encroach
0.6 foot above the toe of the embankment. Thus, a r iprap
protective layer (with a median rock diameter of I2.5 inches) was
placed along the lower 2.O feet of the embankment as shown in Plate
7-4.  P lacement  of  th is  r iprap wi l l  serve an inc identa l  purpose of
increasing the stabil i ty of the dam by placing addit ional weight on
the downstream toe.

05 l t2 le3 7 -62



BED MATERIAL

FILTER BLATI! ,
I

o)( r '

-t,
m
n
c)
m
z
{

Tl

zm
7)

PARTICLE SIZE (ln)

I

Figure 7-LO. Gradat ion of  embankment ,  f i l ter ,  and r iprap mater ia ls .



Although the presence of the sedimentation-pond dam ad.jacent
to Crandall  creek may sl ightly alter f low condit ions in the slream,
the placement_ of erosion-protection features on the steep stream
bank across from the pond is not consid.ered justi f ied for two
reasons. First, placement of erosion-protection features on the
bank across from the pond wil l  l ikely cluse more disturbance than
it wiII  prevent due to the steepness 6t tne bank. second., as noted
in Appendix 7-5, thg peak f low event for which the analysis was
conducted has an estimated return period in excess of lorObo years
(due to the conservativeness of the storm distr ibution used in ttre
analys is) ,  ind icat ing the remoteness of  the poss ib i l i ty  that  the
stream might overtop its banks and. irnpinge on the dam.

As a result,  while the pond is in operation, the stream bank
across from the pond wil l  be inspected each t ime the piezometer
through the dam is  moni tored (see sect ion 7.2.6)  .  r f  eros ion
occurs on the opposite stream bank due to the presence of the pond,
a repair plan wil l  be prepared and implementea in consultation-with
DOGM.

.An analysis was conducted of the pond to determine the
stabil i ty of the dam und.er selected condil ions. Cross seetions
used for  the analys is  are shown on p late 7-4,  as are locat ions
where Shelby-tube soil  samples were coLlected for laboratory
anaryses to determine locar soi l  propert ies. Results of the
laboratory and stabil i ty analyses are presented in Appendix 7-5 and
summar ized in  Table 7-7.

The required safety factors shown in Table 7-7 were developed
in consultation with DocM in a meeting on Aprir 2, 198G and Randy
Hardin and Rick summers of DoGM, Andrew C. King of Genwar and
Richard B. White of EarthFax Engineering, Inc. A cbrnparison of the
required and actual safety factors indicates that the embankment as
designed wil l  be stable. f t  should. be noted Lhat these safety
factors did not include the benefits due to instal lat ion of the
riprap on the dam toe as d.iscussed above.

Following construction of the sedimentation pond as designed
herein, al l  disturbed areas associated with pond construction (with
the exception of the interior of the pond) were revegetated with
the temporary seed mixture. This mixture was developed in
consultation with Lynn Kunzler of the Division and WaIt Nowak of
the u.s. Forest service. This mixture provides rapid growth
species, sod-forming species, and species that are compit i f fe with
other plants.

seeding was done in  the la te fa I1 of  L98d,  just  pr ior  to  the
f i rs t  heavy snowfa l l  o f  the year  (p lurnmer et  a1. ,  196-8) .  seeding
was accomplished by broadcasting with a cyclone seeder. Mulch wai
placed after seeding. The mulch, which consisted. of two tons of
straw or grass hay per acre of disturbed area, was spread over the
area to be planted and crimped into the soil  with a roto-t i l ler or
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shovel to aid in moisture retention (U.S. Soil  Conservation
Serv i ce ,  L975) .

Following seeding, the revegetated outslopes of the pond were
inspected during normal pond inspections to determine the
effectiveness of the seeding. As of Fall  L987, the revegetation
effort appears to have been successful on the outslopes of the
pond. Straw-bale dikes hrere added as necessary to control
excessive gullying on the dam face. These dikes were instal led as
noted by Figure 7-l- l- .

In addit ion to revegetating the outslope of the pond with the
temporary grass seed mix, consideration was given to planting
phreatophtes indigenous to the riparian community of Crandall
Creek. However, the decision was made to not plant r iparian
vegetation for the fol lowingt reasons:

o The presence of deep-rooted riparian vegetation often
encourages rodent burrowing, thereby reducing the stability of
the dam.

o Because the roots of phreatophytes are €tenerally larger than
those of grasses, roots of those riparian plants that die
cause signif icant weakening of the dam upon decay

o R645 regulations require that interim revegetation of the pond
embankment be conducted to stabilize the embankment rrwith
respect to erosionrr. The plan proposed above (planting with
grass species and instal lat ion of st,raw-bale dikes as
necessary) wiII  minimize erosion of the face of the dam due
to overland fIow. Erosion of the toe of the dam due to f lood
flows in Crandall  Creek wil l  be minimized with the addit ion of
a layer of r iprap along the toe as also outl ined above.

7 .42 .3O  D i ve rs i ons

A diversion (UD-l-) was placed along the western edge of the
site at the location shown on Plate 7-5A to divert water from a 95-
acre undisturbed watershed around the yard area. Analyses and
design information associated with this and other exist ing
diversions associated with the site are contained in Appendix 7-l-L.

The diversion was designed to safely pass the peak f low from
the 2s-year, 24-hour precipitat ion event. The result ing peak f low
from this event (as noted in Appendix 7-LL) was determined to be
47.7 cubic  feet  per  second.  This  d ivers ion is  des igned as a 42-
inch ful l-round CMP. The diversion discharges onto natural
boulders and water (during high f low of
pass ing beneath the U.S.  Forest  Serv ice
diss ipat ion.  Deta i ls  o f  the design are conta
rev ised 02/21/94
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Table 7-7. Summary of slope stabil i ty analyses.

Cross Condit ion
Section(n)

Minimun Required
Safety Safety

Factor Factor

A-A'

B - B I I

c -c t

Unsaturated, static
Unsaturated, seismic
Saturated. static

Saturated, static
Unsaturated, seismic
Saturated, static

Unsaturated, static
Unsaturated, seismic
Saturated, static

2 . 2 0
L . 7  6
L .  1 9

2 .  O O
1 . 5 6
1 _ .  0 8

2 . 2 3
L . 6 7
1 . 3 8

1 .50
1 .  10
1 .00

1 .50
1 .  10
1 .00

1 .  50
1 .  10
1 .  OO

(a )  See P la te  7 -4
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Two addit ional diversions were designed to convey water from
undisturbed areas away from the disturbed site. one (UD-2) was
constructed in the northwest portion of the site along the proposed
substation pad. The other was constructed in the northeastern
port ion of the site to convey water away from the portal area.
Detai ls of diversion design are presented in Appendix 7-Ll-. Both
of these diversions were designed to safely pass the peak f low
result ing from the 25-year, 24-hour storm.

Existing and proposed culverts in the mine yard were exarnined
to determine their adequacy with respect to passing the peak f low
from the L0-year, 24-hour precipitat ion event. Detai ls of these
designs are provided in Appendix 7-7 and Appendix 7-LL.

Similarly, ditches within the disturbed area were designed to
pass the peak f low from the l-O-year, 24-hour storm. Typical cross
sections and design calculations are contained in Appendix 7-7 or
Appendix 7-L1- for these ditches.

A berm was placed around the proposed power substation to
prevent runoff water that accumulates thereon from flowing across
the remainder of the site. A sma1l channel on the substation pad
collects water from the pad and adjacent undisturbed areas. A
sti l l ing basin was placed at the downstream end of this diversion
to t rap sediment  pr ior  to  d ischarg ing in to UD- l -  (see Appendix  7-7) .

Plate 7-5A =irows as-buil t  surface runoff controls. Cross
sections noted on Plate 7-5A are shown on Plate 7-58. Appendix 7-7
contains calculations for proposed diversions and culverts.Appendix
7-LL contains as-buil t  citcutations for diversions and culverts.
Watershed boundaries used in the as-buil t  calculations for
diversions and culverts are shown on Plate 7-5C.

7.42. .40 Road Dra inage

A11 of the Applicants roads have been designed, located and
constructed as required by the regulations R645-3oL-742.4LO through
R645 -3  0 I -7  42 -423  . 5 .

7  . 4 3 Inpoundment

There are no permanent impoundments associated with the
Applicantrs faci l i t ies. Temporary impoundments of water col lected
for runoff control wil l  occur in the sediment ponds. The physical
design of the sediment ponds are cert i f ied designs as reguired in
R645-301--51-2 and are presented in  Sect ion 5.33 of  th is  appl icat ion.
The sediment ponds do not meet the criteria for MSHA _regulations.
The hydrologic design for the sediment.",.*nnd6iiffi-sl ffid&.plrted in
Sect ion 7.42.20 and Appendix 7-10. On cegBi i t l6.n:apg;febfalnadion of
The hydrologic design for the sedimen

mining and disposal activit ies, the sedimen
Rev ised  02 /2L /94

reinoved.
t ion of
alnoved.
I
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The sediment pond is equipped. with a decant, a r iser pipe
(cTP) principle overflow and a rip-rapped, open-channel ernerglnly
spi l lway.  Sediment  pond deta i ls  a ie  covered under  Sect ion 7. iz .Z.o
and in  Appendix  7-10.

7  . 4 5 Disposal  o f  Excess Spoi1

No signif icant excess spoil  wir l  be developed by the
underground mine. The only anticipated spoil  wirr 

-be 
from the

materials col lected in the sediment ponds. This l imited volurne of
material wil l  be rernoved from the ponds and transported to an
approved refuse disposal area.

In the event spoil  is generated during the mining operations,
this wil l  be transported to an approved disposal sitd.

The handl ing of  these rnater ia ls  wi l l  cornply  wi t f r  R645-301-745.

7  . 4 4 Discharge Structures

' 7  . 4 6 CoaI Mine Waste

The disposal and placement of any refuse materials wil l  be
conducted in accordance with the plans presented in Chapter 5 of
th is  appl icat ion.

7 . 4 7 Disposal of Noncoal Mine l[aste

carbage

So1id waste generated from mining activit ies, such as garbage
and paper products, is disposed of in large trash rrdumpstersrl
located near the portal. A contract garbage hauring service,
empties the contents of the d.umpsters on a weekly basis and hauls
the garbage to an approved dump or 1andfill.

Unusable Equipnent

AIl salvagreable mining equipment is sold to locaI scrap
dealers: i tems such as broken bolts, worn out engine parts, and
items which rnight be recycled. Any machinery or large parts are
placed in a stockpile near the material storage area for periodic
salvage by local scrap dealers. No mining equipment wil l  be merely
abandoned.

Petroleum products

Oil and girease wastes are col lected in tanks and returned to
distr ibutors for refining or used as heating fue1. rn case of
spil ls, a spi l l  control plan has been developed and is located at
the mine s i te .
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7  . 4 8 Casing and Seal ing of  l {e l ls

Following completion of reclamation, the monitoring weIls for
the mine site wil l  be plugged and abandoned in accordance with
R645-301-631  and  R645-30L-748 .  Th i s  w i l l  p reven t  t he  po ten t i a l  f o r
disturbance to the hydrologic balance.

7 . 5 0 Perfornrance Standards

A11 coal mining and reclamation operations wiII be conducted
to minirnize disturbance to the hydrologic balance within the permit
and adjacent areas, to prevent material damage to the hydrologic
balance outside the permit area and support approved postmining
land uses in accordance with the terms and condit ions of the
approved permit and the performance standards of R645-301 and R645-
3O2. For the purpose of SURFACE COAL MINING AND RECLAMATION
ACTMTIES, operations wil l  be conducted to assure the protection
or replacernent of water rights in accordance with the terms and
conditions of the approved permit and the performance standards of
R645 -301  and  R645 -302 .

7 . 5 t IVater gual. i ty Standards and Eff luent Limitations

Discharges of water from areas disturbed by coal rnining and
reclarnation operations wil l  be made in cornpliance with aII Utah and
federal water quali ty laws and regulations and with eff luent
l imitations for coal rnining promulgated by the U.S. Environmental
Protection Agency set forth in AO Cfn Part 434.

7 . 5 2 Sediment Control Measures

Sediment control measures wil l  be located, maintained,
constructed and reclaimed according to plans and designs given
under  R645-3OL-732 ,  R645-3OL-742  and  R545-301-760 .

7 .S2 . tO  S i l t a t i on  S t ruc tu res

Siltat ion structures and diversions wil l  be located,
rnaj.ntained, constructed and reclaimed according to plans and
designs g iven under  R645-3OL-732,  R645-3OL-742 and R645-301-763.

7 .52 .2O Road  Dra inage

Roads wil l  be located, designed, constructed., reconstructed,
used,  mainta ined and rec la imed accord ing to  R645-3OL-732.400,  R645-
3OL-742-400,  and R645-301-762 and to achieve the fo l lowing:

7.52.2t  Eros ion Contro l  or  Prevent ion

Control or prevent erosion, si l tat ion and the air pol lut ion
attendant to erosion by vegetating or otherwise stabil izing al l
exposed surfaces in accordance with current, prudent engineering
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pract ices.

7 .52 .22  Suspended  So1 ids

Control or prevent addit ional contributions of suspended
solids to steam flow or runoff outside the permit area.

7 .52.23 Ef  f  luent  Stand,ards

Neither cause nor contribute to, directly or indirectly'  the
v io la t ion of  e f f luent  s tandards g iven under  R645-3ol - -751.

7.52.24 Sur face and Groundwater  Systems

Mininize the dirninution to, or degradation. of, the quali ty or
quantity of surface and groundwater systems.

7.52.25 Normal  Water  F l -ow

Refrain from signif icantly altering the normal f low of water
in streambeds or drainage channels.

7 . 5 3 Impoundnents and Discharge Structures

Impoundments and discharge structures wil l  be located,
maintained, constructed and reclaimed to comply with R645-30L-733,
R545-307-734 ,  R645-3  OL-743  and  R645-3OL-745  and  R545-30L-760 .

Disposal of Excess Spoil,  CoaI Mine Waste and Noncoal7 .54
Mine Ylaste

Disposal areas for excess spoil ,  coal mine waste and noncoal
mine waste wil l  be located, mainlained, constructed and reclaimed
to  comp ly  w i th  R645-301-735 ,  R545-3OL-736 ,  R645-3OL-745 ,  R645-301-
746 ,  R645 -3OL-747  and  R645 -301 -750 .

7 . 5 5 Casing and Sealing of WeLls

A11 wells wil l  be managed to cornply with R645-3OL-748 and
R645-3Ol- -765.  Water  rnoni tor ing wel ls  wi l l  be managed on a
temporary bas is  accord ing to  R645-30L-738.

7  . 60 Reclamation

sealing of Mine openings

The Applicant has dri l led from the Hiawattra seam upwards.to
the Blind 

-Canyon 
seam as described in Chapter 6. The dril-ling

occurred in areas that pi l Iar extraction wil l  occur and no
provisions were made to seal the bore hole.

Temporary sealing of the portals, i f  needed, wil l  be
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accomplished by the construction of protective barricades or other
covering devices, fenced and post6d with signs indicating the
hazardous nature of the opening. permanent t losure plans wil l
i nc rude  sea l i ng  the  po r ta l s  as  pe r  t he  reques t  o f  t he  u .s . c . s .  ( see
Sec t i on  5 .29 )  .

Upon cessation of mining operations al l  dri f t  openings to the
surface from underground wil l  be backfi l led, regraded- and. reseed as
per  sect ion 5.40 of  th is  p lan.  pr ior  to  f ina l  seal ing of  any
openings,  the u.s .c .s .  wi r l  requi re an on s i te  inspect i -on and a
submission of formal sealj .ng rnlthods for approval.- The formal
sealing methods wil l  be presented as a f ian including cross
sections demonstrating the measures taken to seal or rn..rag" mine
openings wi l l  comply wi th  R64S-301-529.

Permanent sealing of the portals wil l  be done as shown in
Sect ion 5.29.  A dra in wi l l  be p laced,  in  the western most  por ta l ,
this drain wil l  be 18rr d.eep Lo' wid.e and extend under the blckfi f i
to -th" highwalr. This drain wirr be redesigned if  the mine
produces greater quantit ies of water than anticipated.

Removal of Surface Structures

A11 waste rnateriar generated. from the removar of the
structures wil l  be removed frorn the property and sold as scrap or
disposed of in the appropriate approv6d Jtate disposal areas, wir ich
at the present t irne wilr be the sinbad landfi l l .  The only
structures to remain after the rnining operation wil l  be the
sedimentation system and al l  necessary diversions required to
insure routing of al l  d. isturbed area 

-drainage 
to the pond and

diversions to maintain the integrity of the pond urit ir  the
requirements are met, these diversibns can be found on plates 5-16
and  7 -5 .

upon cessation of mining operations, the water supply well
(Mw-1) wil l  be permanently abandoned in accordance with regutlt ions
promurgated ]cy the utah Division of water Rights. this wir l
include f i l l ing of the well with a neat cement gfout in accordance
with the regulations.

Disposi t ion of  Dams,  ponds and Divers ions

Upon f inal cessation of rnining the area wil l  be reclaimed.
Upon cornpletion of the reclarnation earthwork the sed.iment pond will
be cleaned out and the material disposed of in the approved method.
once it is determj-ned that the pbnd is no longer required for
sediment control of the reclaimed area, a the pona wil l  be cleaned
9ut again. The material in the pond should only be topsoil  that
has eroded frorn the reclaimed site, (care wil l  be taken not to mix
the pond l iner  wi th  th is  topsoi l )  th is  topsoi l  w i l l  be s tockpi led
and arlowed to dry at the edge of the pond. once the topsoil  has
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been dried the sediment pond. wil l  be reclaimed and the topsoil
spread on top of the pond area.

Recontouring

All areas affected by surface operations wil l  be graded and
restored to a contour that is compatible with natural surroundings
and post nining land use as near as possible to the contour of the
land prior to disturbance by our mining operations. See map
included with Vegetation and Terrestr ial Wildl i fe Report included
as Appendix 9-L in Chapter 3. For approximate contours pri-or to
our surface disturbance refer to the maps presented as Plates 3-7,
3-8 and 3-9.  The f ina l  regraded contours can be found on Plate 5-
L7 .

Removal or Reduction of Highwal. l

Backfi l l ing and grading wil l  proceed so as to el irninate or
reduce the highwall.  This -an Ue by recontouring as per Section
5.40 of  th is  F lan.  The por ta ls  wi l l  be backf i l led wi th  so i l  and
two rows of sol id concrete blocks placed across each entry and then
backfi l led to the surface and recontoured as shown on Plate 5-L7.
The highwall above the coal stockpile wil l  be backfi l led with as
much naterial as is available, however a substantial highwall wil l
ex is t  and a sma1l  f la t  spot  wi l l  be le f t  as a potent ia l  campsi te .

Temacing and Erosion Control

No ter rac ing wi l l  be done.  A11 f ina l  grading,  preparat ion of
overburden before replacement of topsoil  wil l  be done along !h"
contour to minimize erosion and instabil i ty unless this operation
becomes hazard.ous to equipment operators in which case the grading,
preparation and placelnent in a direction other than generally
paral lel to the contour wil l  be used.

Final Reclamation

A11 areas affected. by surface operations wiII be graded and
restored to a contour that-is cornpatible with natural surroundingrs.
A11 f inal grad.ing wil l  be done along the contour to minimize
erosion and instabil i ty unless this operation becomes hazardous to
the equiprnent operators. Backfi l l ing and grading wil l  proceed so
as to el irninate or reduce the highwall.  Refer to Plates 5-16 and
5-L7  .

The outslope between the road and Crand.al1 Creek wil l  be
supplemented. with the planting mix.

Backfi l l ing and grading wil l  be done according to the
reclamation t imetable as originally submitted.
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I f  poss ib le ,  the topsoi l  w i l l  be redis t r ibuted in  the la te
faIl  (Iate September or early October) just prior to the seedj.ng
tirne so as to have a seedbed free of weeds and annual grasses. If
the seedbed is prepared early and weeds and annual grasses become
established on it  before seeding, they wiII be removed before
seeding is attempted, refer to Chlpters 2 and 3. Seeding wil l  be
done as soon as possible after the seedbed is prepared, but not
prior to October 1st. I f  this eannot be done within 30 days, the
Div is ion wi l l  be not i f ied.

On s lopes of  30? or  less a s t raw mulch of  1 .5 tons per  acre
wil l  be used to retain enough moisture for seed germination. The
sloped greater than 30? wil l  require a hydro-mu1ch of one tone of
wood. f iber mulch per acre. The wood f iber mulch shall  be suspended
in water to form a slurry type material and shall  be sprayed.evenly
over the area where 1t 

-1s 
to be applied after seeding is

accomplished. The straw mulch wil l  be applied to slopes less than
gO? ana anchored into the soil  by pull ing a notched disc over the
straw cover which results in pusfring the straw ends into the soil .
On slopes of 30? or gireater, the ground wil l  be hydroseeded, then
rnulched with one tons of wood f ibei hydro-nulch with tacif ier added
to the rnulching process. Any woody plant seedlings wil l  be planted
in srnall  depreisions on the l lopes-. 

- 
No attempts at irr igation wil l

be made during f inal reclamation.

Typical cross sections and topographic maps which adequatel-y
represent the exist ing land configuration of the area affected.by
sur face operators are lhown on Pl -aLes 3-7,  3-8 and 3-9.  Postmin ing
reclamation cross sections and surface topography wil l  be as near
to premin ing as is  poss ib le  and pract ica l  as noted on Plate 5-L7.

A reclamation map showing post construction contemporaneous
reclamation areas and f inal reclamation accompanies this document
as Plate 7-L6 and 5-17 respect ive ly .  S lope rounding on Plate 5-3
has been rev ised to  meet  the requi red s lope of  l - .5 :1 at  the
specif ied reclaimed cross sections. fwo dist inet areas showing
post construction contemporaneous reclamation and f inal reclamation
can be found on P1ates 7-5.

One seed mix has been developed for al l  disturbed areas, made
up of native and natural ized grJss, forb and shrub species (see
appendix  3- l -5) .  Trees wi l l  be p lanted in  the wooded areas and
r ipar ian zone.

Slopes of  30? or  less and f la t  areas wi l l  be seeded.  wi th  a
rangelana arif f  equipped with depth control f langes on the discs.
Row spacing wil l  be 12 inches.

Appendix 3-15 includes a l ist of grasses, forbs, shrubs ?nd
trees to Ue used after December 1988 for both interim stabil ization
of topsoil  stockpiles and for reclamation. This l ist was compiled
by f,ynn Kunzler in conjunction with the USFS. If  changes in the
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seed mixture become necessary due to over- or undergrowth, seed
avai lab i l i ty ,  e tc . ,  a1I  par t ies involved wi l l  come to an agreement
as to the ri-ght seed mixture f or each area.

Slopes of 31? or greater wil l  be broadcast seeded using a
hydroseeder prior to mulching. Wherever possible, the seed wil l  be
harrowed in before mulching is applied. The seed rnust be high
quality seed (high Z of gernination, with weed seed content at a
minimurn and without any noxious weed seeds).

Refer to Plate 5-15 and 5-17 for the areas to be planted with
planting rnixture. Two tenths of a pound per acre of Louisiana
Sagebrush (artemisia ludoviciana) could be added if  needed for
eros ion contro l .

Concerning the revegetation of slopes 31? or greater, these
slopes wil l  be hydroseeded, then mulched with one ton of wood f iber
hydromulch per acre.

No attempts wil l  be made to establish rabbitbrush or sagebrush
as previous experience has shown that i t  is impossible to stop
these shrubs frorn invading the area on their own. If  plants of
snowberry do not establish fron the seeding at the end of the
second yearrhand plantings of tubular started plants from native
plant nurseries wil l  be planted randornly on approximately one rod
intervals where they occurred in the original land cover of the
disturbed areas.

Trees,  species and rates,  to  be p lanted on the s lopes of  30?
or  less ( in  conjunct ion wi th  the seed mixture (see Appendix  3-L5) .

The wil lows wil l  be planted within 20 feet of the drainage to
assure suff icient moisture for growth. The standard for the tree
seedlings wiJ-l be planted at the rate of 610 seedlings per acre.
When considering a normal morali ty rate, this would establish the
required 90? of the USFS recommended. density standard of 550 trees
per  acre.

The seeding rates used are average for the seeding method
used. It  is hoped that the shrub seeds in the seeding mixtures
wil l  take hold and give a random spacing of plants over the area.
If the seeded shrubs do not take, then the tublings wil l  be planted
in clumps. While clumping wil l  not give a uniform seed dispersal
over the entire area it  would enhance wildl i fe habitat at l i t t le
cos t .

Species diversity standards have been established for
revegetated areas. These wil l  insure that a good mix of grasses,
forbs, shrubs and trees, where appropriate, wil l  be re-established,
and that the reclaimed area wil l  not be dominated by one or two
species. The applicant has conmitted to protecting revegetated
areas and to managing the reference area in a manner conpatible
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rrr i th postnining land use.

The U.S.  Forest  Serv ice,  U.S.  F ish and Wi ld l i fe  Serv ice and
DOGM have requested that the riparian habitat be restored along
crandall  creek. The proposed seed. mix and planting mix shourd,
accomplish this goal.

Applicant trereby commits to avoid the use of persistent
pesticides and chemicals and to prevent f ires.

Should lack of precipitat ion cause the vegetation to fai l ,  al l
areas wil l  be revegetated. No attempts wil l  be made at irr igating
the revegetated areas during f inal reclarnation. The species
recommended for revegetation are known to survive in this region
without art i f icial application of ad.d.i t ional water.
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